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Compounds and methods useful for detection and treatment of cancer 



The present invention relates to compounds and methods useful for the detection and 
treatment of disorders associated with frameshift mutations in coding microsatellite 
5. regions. The compounds and methods are applicable in cancers, especially of DNA 
mismatch repair deficient (MMR) sporadic tumours and HNPCC associated tumours. 
The compounds disclosed in the invention are useful for detection of disorders and in 
therapy such as e.g. immunotherapy. The diagnostic methods relate to diagnosis and 
prognostic assessment of disorders associated with frameshift polypeptides originating 

10 from frameshift mutations in coding microsatellite regions of genes based on the 
detection of immunological entities directed against said frameshift polypeptides in 
body fluids. With respect to the treatment of cancer, especially of DNA mismatch repair 
deficient (MMR) sporadic tumours and HNPCC associated tumours, the invention 
pertains to methods which use immuno therapy with combinatorial mixtures of tumour 

15 specific frameshift peptides to elicit a cytotoxic T-cell response specifically directed 
against tumour cells for use in prevention as well as in curative treatment of cancers 
and precancers. 

Tumour cells accumulate mutations in components of cellular pathways, that are 
essential for the maintenance of normal growth and differentiation. In human epithelial 

20 tumours, 2 types of genetic instability have been identified: chromosomal instability 
(CIN), which marks structural and numerical chromosomal aberration in aneuploid 
neoplastic cells, and microsatellite instability (MSI), which reflects length variations at 
repetitive DNA sequences in diploid tumour cells. The type and spectrum of mutated 
genes markedly differs among CIN and MSI tumours, suggesting distinct but not 

25 mutually exclusive pathways of carcinogenesis. MSI occurs in about 90% of hereditary 
nonpolyposis colorectal cancers (HNPCC) as well as in about 15% of sporadic 
tumours of the colon and other organs, and is caused by mutational inactivation of 
different DNA mismatch repair genes. 

The mutations lead especially in the case of frameshift mutations in coding 
30 microsatellite regions to the expression of new peptide sequences in the affected cells, 
that do not occur in wild-type cells. The altered peptides may be used as detection 
markers for disorders associated with frameshift mutations in coding microsatellite 
regions such as degenerative disorders or cancers (e.g. gastrointestinal cancers). 
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The accumulation of genetic alterations and resulting mutant proteins represent a 
major obstacle for tumour cells to escape immune surveillance. The mutant proteins or 
peptides encoded by expressed mutant genes may elicit a specific cellular immune 
response and thus may be recognized by CTL. This is especially true concerning 
5 mutations resulting from chromosomal instabilities, but also pertains to more subtle 
genetic alterations, such as small deletions and insertions in microsatellites. 

This situation can be used for prevention and therapies in cancdrs. The cancer cells 
are characterized by the expression of neo-peptides, which arouse from the genetic 
alterations. These proteins are not present in normal, non cancerous tissues. Thus, the 

10 neo-peptides may be used to distinguish on a molecular level between tumours and 
normal tissues. As tools suitable for the molecular discrimination antigen specific 
molecules or cells may be used. Thus it is possible to elicit an immune response 
against frameshlft peptides, as might arise from MSI mutations, specific for tumours. 
Using cytotoxic T lymphocytes or FS8-specific antibodies it is thus possible to 

1 5 specifically attack and eliminate tumour cells in organisms and tissues. 

A large number of genes containing coding microsatellites have been identified. 
Various of these genes show mutations within the microsatellites with certain 
frequencies in sporadic tumours. For few of these genes it could be shown, that they 
are involved in the majority of cases of particular tumours. For example the (A)i 0 tract 
20 within the TGFpRII gene and the (G) 8 tract within the BAX gene are commonly 
mutated in gastrointestinal cancers such as colon cancer or gastric cancer. 

The T-cell mediated immune response on the other hand provides a strong and 
specific selection pressure for the rapidly growing tumour cells. (Tomlinson I, et al., 
Nat. Med. 1999; 5: 11-2) Thus tumour evolution is forced to circumvent the immune 

25 surveillance by the cellular immune response. As a consequence of this selection 
pressure, mutations in genes of the antigen processing or presenting machinery arise 
in MMR-deflcient tumour cells. In fact evasion of the immune surveillance by acquiring 
{^-microglobulin mutations has been observed at high frequency in MSI + tumour cells 
(Bicknell DC, et al., Curr. Biol 1996; 6: 1695-7). Other targets of specific mutation or 

30 down-regulation of expression are TAP1/TAP2 or HLA alleles. Direct down-regulation 
of expression of immunogenic epitopes is also a possible mechanism of immune 
escape as has been shown for melanoma-associated antigens in vivo (Jager E, et al., 
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Int. J, Cancer 1997; 71: 142-7). Due to this fact the relevant epitopes may not be 
detectable by the immune system. 

As a consequence the promising therapies based on immune response directed 
against frameshift peptides in tumour tissues may fail in a not yet determined number 
5 of cases of tumours. So the approaches for the use of the vaccination therapy of 
cancer mediated by frameshift peptides might be limited by the fact, that the potential 
immunogenic frameshift peptides are not always detectable by the immune system 
due to mutations in the antigen presenting and processing properties of the cancer 
cells. 

10 Even supposed, that during specific stages of tumour development cells express the 
aberrant proteins and thus are vulnerable to the immune surveillance, there potentially 
remains a population of tumour cells, that is not eliminated by the therapy. This state is 
quite undesirable for any therapy of cancers, for the remaining cells may continue 
growing and thus the tumour is not eliminated from the organism. 

15 Similarly methods for detection of molecular markers suitable for diagnosis of disorders 
associated with frameshift mutations in coding microsatellite regions and for 
assessment of prognosis for said disorders are prone to overlook especially markers 
originating from small populations of affected cells as they may occur particularly in 
early stages of the disorder. This may in part be overcome by an elevated effort in the 

20 preparation of testing samples to raise the probability of the detection of disorders. 
However especially concerning disorders located in body regions, that are merely 
inaccessible, or accessible only under circumstances, that are quite consuming or 
discomfortable to patients alternative methods for reliable detection of molecular 
markers associated with disorders are desirable. 

25 It is known in the art, that the mutant proteins or peptides derived from aberrantly 
expressed proteins may elicit a specific cellular immune response and thus may be 
recognized by cytotoxic T lymphocytes (CTL). This is especially true concerning 
mutations resulting from chromosomal instabilities, but pertains also to the more subtle 
genetic alterations, such as small deletions and insertions in microsatellites. 

30 The T-cell mediated immune response on the other hand provides a strong and 
specific selection pressure for the rapidly growing tumour cells (T omlinson I, et al., Nat. 
Med. 1999; 5: 11-2). Thus tumour evolution is forced to circumvent the immune 
surveillance by the cellular immune response. As a consequence of this selection 
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pressure, mutations in genes of the antigen processing or presenting machinery arise 
in DNA mismatch repair (MMR)-deficient tumour cells. In fact evasion of the immune 
surveillance by acquiring p2-microglobulin mutations has been observed at high 
frequency in MSI + tumour cells (Bicknell DC, et al., Curr. Biol 1996; 6: 1695-7). Other 

5 targets of specific mutation or down-regulation of expression are TAP1/TAP2 or HLA 
alleles. Direct down-regulation of expression of immunogenic epitopes is also a 
possible mechanism of immune escape as has been shown for melanoma-associated 
antigens in vivo (Jager E, et al., Int. J. Cancer 1997; 71: 142-7). Due to this fact the 
relevant epitopes may not be detectable by the immune system. Thus it was 

10 suspected, that components of the immune system directed against novel peptides, 
characteristic for e.g. tumour cells, are not suitable for the detection of the disorders 
especially in the case of frameshift mutation peptides. This is due to the fact, that MSI 
disorders are frequently associated with DNA mismatch repair deficiency and thus are 
especially prone to mutations. This makes the affected cells especially apt to escape 

1 5 mutations in response to the attack by the immune system. 

The inventors have now surprisingly found, that specific antibodies or antigen 
recognizing cells directed against a particular new frameshift peptide are in detectable 
levels presenjt within the body fluids of individuals harbouring MSI associated 
disorders. This is especially due to the fact, that during specific stages of tumour 

20 development cells express the aberrant proteins. During these stages the peptides 
may be accessible to the immune surveillance, and thus an immune response may be 
elicited. Even though cell populations affected by respective disorders such as tumours 
may be eliminated from the organism, or may be mutated, such, that no further 
presentation of immunogenic epitopes may occur, there remains an immunological 

25 memory of the presence of the respective peptides at a certain time. Such the 
evolution of a cell population affected by a disorder associated with the expression of 
new frameshift peptides leaves immunological traces of its existence consisting e.g. of 
antibodies and specific T-lymphocytes directed against the particular peptides. Hence 
the presence of specific immune response elements directed against a particular 

30 frameshift peptide is indicative of the presence of a population of (tumour) cells, that 
expresses or has expressed at a certain time the respective peptide. 

To further enhance the fidelity of the detection of the presence or absence of a 
disorder a set of peptides frequently occurring in disorders such as tumours may be 
applied in the detection reaction. 
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The present invention thus provides a method for the detection of disorders associated 
with frameshift peptides arising from mutations in coding microsatellite regions based 
on the detection of specific immunological entities directed against said frameshift 
peptides present in the body fluids of affected individuals directed against said 
5 frameshift peptides. The method is suited for primary detection of disorders such as 
tumours, for the early detection of disorders or of precursory stages of disorders, and 
for the assessment of prognosis in said disorders. 

One further aspect of the invention is based on the inventors findings, that a mixture of 
frameshift peptides chosen according to combinatorial parameters minimizes the 

10 escape of particular populations of tumour cells from immunogenic elimination and 
may be used as a vaccine against a wide variety of DNA mismatch repair deficient 
tumours. The invention is based on the fact, that the immune escape of tumour cells is 
directed towards single immunogenic epitopes (frameshift peptides) in a potentially 
restricted subpopulation of the tumour cells. In the vast majority of MSI+ tumours 

15 various mutations may be found within the genome of the affected cells. So a 
combinatorial vaccination approach including several antigenic peptides could 
overcome this obstacle. 

It is one aspect of the present invention to provide nucleic acid sequences of the genes 
TAF1B, MACS, UVRAG, ELAVL3, TCF6L1, ABCF1, AIM2, CHD2 and HT001, that 
20 have frameshift mutations within their coding regions. 

A second aspect of the present invention is to provide new frameshift peptides, that 
occur in a wide range of different MSI + tumours. 

A third aspect of the present invention is a method for detection of MSI + tumours using 
said frameshift peptides as molecular markers. 

25 A fourth aspect of the present invention is a method for treatment of MSI + tumours 
using said frameshift peptides for therapeutic purposes. 

In a fifth aspect the present invention provides sets of frameshift peptides, that occur in 
a wide range of different MSI + tumours and that diminish the probability of escape of 
tumours to be attacked by the immunotherapy. 

30 A sixth aspect of the present invention is a method for vaccination against MSl + 
tumours using said set of frameshift peptides. 
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A seventh aspect of the present invention is a method for treatment of MSI + tumours 
using a set of frameshift peptides, that elicit an immune response directed against a 
wide range of tumours. 

An eighth aspect of the invention relates to the detection of disorders associated with 
5 frameshift mutations in coding microsatellite regions comprising the detection of 
immunological entities directed against frameshift peptides in body fluids of individuals. 

The present invention thus provides compounds and methods for the therapy and 
detection of disorders associated with frameshift peptides arising from mutations in 
coding microsatellite regions. The diagnostic and therapeutic methods are suited for 
1 0 application in disorders such as tumours or in precursory stages of disorders. 

Within the context of the present invention disorders associated with frameshift 
mutations comprises for example degenerative diseases, such as neurodegenerative 
diseases, vascular disorders, disorders caused by stress, such as oxidative stress, 
chemically induced stress, irradiation induced stress, etc. and cancers including all 
15 sporadic cancers as well as HNPCC associated cancers. Cancers as used herein may 
comprise e.g. colorectal cancer, small cell lung cancer, liver cancer (primary and 
secondary), renal cancer, melanoma, cancer of the brain, head and neck cancer, 
gastrointestinal cancers, leukemias, lymphomas, prostate cancer, breast cancer, ovary 
cancer, endometrial cancer, lung cancer, bladder cancer etc.. 

20 The method according to the present invention may be applied to any eucaryotic 
organisms. In one aspect the eucaryotic organisms are those exhibiting an 
immunologic defense system. The eucaryotic organisms are for example mammalian 
animals and especially animals of agricultural value such as pigs, cows, sheep, etc., 
companion animals, such as cats, dogs, horses etc., animals employed in research 

25 purposes such as mice, rats, rabbits, hamsters etc. or humans. 

Nucleic acid molecules according to the present invention may comprise 
polynucleotides or fragments thereof. Preferred polynucleotides may comprise at least 
20 consecutive nucleotides, preferably at least 30 consecutive nucleotides and more 
preferably at least 45 consecutive nucleotides of the sequences. The nucleic acids 
30 according to the present invention may also be complementary or reverse 
complementary to any of said polynucleotides. Polynucleotides may for example 
include single-stranded (sense or antisense) or double-stranded molecules, and may 
be DNA (genomic, cDNA or synthetic) or RNA. RNA molecules comprise as well 
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hnRNA (containing introns) as mRNA (not containing introns). According to the present 
invention the polynucleotides may also be linked to any other, molecules, such as 
support materials or detection marker molecules, and may, but need not, contain 
additional coding or non-coding sequences. 

5 Mutation as used in the context of the present invention may comprise insertions or 
deletions of one or several nucleotides (or nucleotide repeats) within the specified 
microsatellite sequences. In a preferred embodiment of the present invention the 
number of nucleotides to be inserted or deleted is not 3 or must not be divisible by 3, 
such that the mutation leads to a frameshift with respect to the translational reading 
10 frame of the downstream nucleic acid sequence. Thus the nucleic acid sequence 
downstream of the mutation point will render a polypeptide-sequence different from the 
native sequence encoded by the respective gene. The mutation in these cases leads 
to a novel peptide sequence (a neo-peptide). Commonly the new peptide sequence is 
short due to the fact, that novel stop codons arise from the shift in the reading frame. 

15 Frameshift mutations in microsatellites are usually due to DNA polymerase slippage 
and may be characterized by the type of the repeat. Thus in mono nucleotides repeats 
this type of mutation renders 1nt insertion or deletion. In dinucleotide repeats and 
tetranucleotide repeats mutations are insertions or deletions of 2 or 4 nt respectively. 
For example commonly (-1) mutations occur in mononucleotide repeats (MNRs). In 

20 these mutations one nucleotide is deleted such that the reading frame is shifted by one 
nucleotide toward the 5' end of the gene compared to the original reading frame. This 
type of mutation renders a reading frame identical to that produced by (+2) mutations, 
which arise from two nucleotide insertions in the respective microsatellites. The 
respective (-1) or (+2) polypeptides might differ by one amino acid. The other 

25 frameshift mutation variant leading to frameshift mutations differing from (-1) mutations 
concerning the resulting reading frame is the (+1) mutation, arising from one nucleotide 
insertion, thus rendering a reading frame one nucleotide toward the 3' end of the gene 
compared to the original reading frame. This mutation type gives a reading frame 
identical to that of (-2) mutations, wherein the encoded polypeptides differ by one 

30 amino acid. (-3) and (+3) mutations are irrelevant according to the present invention, 
for they do not give rise to frameshift polypeptides. 

Frameshift polypeptides as used herein shall comprise any polypeptides or fragments 
thereof, that arise by a frameshift mutation within a coding microsatellite sequence of a 
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gene.A gene may harbour one or more coding microsatellite regions, that may give 
rise to frameshift peptides. The coding microsatellites according to the present 
invention comprise mononucleotide repeats, dinucleotide repeats, trinucleotide 
repeats, tetranucleotide repeats and pentanucleotide repeats of any length. According 
5 to present invention coding microsatellites contain preferably at least 3 and more 
preferably at least 5 repeats of the respective nucleotide pattern (1-5 nucleotides, 
which are repeated). 

The frameshift polypeptides as used according to the present invention comprise at 
least 1, more preferred at least 2 and even more preferred at least 3 amino acids of the 

10 mutated part of the polypeptide. Additionally, the frameshift polypeptides may comprise 
fragments of the originally non-mutated proteins and/or may be fused to any other 
polypeptide sequences suitable for the purposes of the present invention. Examples of 
such polypeptide sequences are linker sequences, or structural peptide sequences, 
such as beta barrels, loop sequences etc. that facilitate the immunogenicity of the 

15 frameshift sequences according to the present invention within the fusion polypeptide. 

In certain embodiments of the invention the frameshift polypeptides suitable for the 
methods disclosed herein are immunogenic polypeptides. This requires, that the 
polypeptides may stimulate immune responses in host organisms either in the form the 
polypeptides adopt in their natural environment and/or especially in the form the 
20 polypeptides adopt after processing by the cellular antigen processing and presenting 
machinery. 

According to the present invention the frameshift polypeptides may also be 
represented by nucleic acids coding for said polypeptides. These nucleic acids may for 
example be used for the in situ expression of the respective polypeptides. For the 
25 purpose of expression of nucleic acids, the particular nucleic acids may be joined with 
suitable other nucleic acid sequences, that enable for the cloning and expression of 
said nucleic acids encoding the frameshift polypeptides. 

In certain embodiments of the present invention frameshift polypeptides may comprise 
fusion or chimeric polypeptides containing sequences disclosed herein. Fusion 
30 proteins comprise the frameshift polypeptide according to the present invention 
together with any second and further polypeptides, such as e.g. one more frameshift 
polypeptide of the same sequence or of another sequence. Heterologous polypeptides 
may comprise enzymes, receptor molecules, antigens, antigenic or immunogenic 
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epitopes or fragments, antibodies or fragments thereof, signalling polypeptides or 
signal transducing polypeptides, labelled polypeptides etc.. In one embodiment of the 
invention the fusion peptides may be constructed for enhanced detection or purification 
of the frameshift polypeptides, or of complexes of the frameshift polypeptides with the 

5 respective immunological entities according to the present invention. For the purpose 
of purification tags, such as e.g. his-tags, myc-tags etc. may be added to the 
polypeptides. For the purpose of detection antigenic portions, enzymes, chromogenic 
sequences etc. may be fused to the polypeptides. The fusion proteins of the present 
invention may (but need not) include a linker peptide between the first and second 

10 polypeptides. 

A nucleic acid sequence encoding a fusion protein of the present invention is 
constructed using known recombinant DNA techniques to assemble separate nucleic 
acid sequences encoding the first and second polypeptides into an appropriate 
expression vector. The 3* end of a nucleic acid sequence encoding the first polypeptide 
15 is ligated, with or without a peptide linker, to the 5' end of a nucleic acid sequence 
encoding the second polypeptide ensuring the appropriate reading frames of the 
sequences to permit mRNA translation of the two nucleic acid sequences into a single 
fusion protein that retains the biological activity (antigenicity) of both the first and the 
second polypeptides. 

20 A peptide linker sequence may be employed to separate the first and the second 
polypeptides by a distance sufficient to ensure, that each polypeptide folds into its 
secondary and tertiary structures. Such a peptide linker sequence is incorporated into 
the fusion protein using standard techniques well known in the art. Suitable peptide 
linker sequences may be chosen based on the following factors: (1) their ability to 

25 adopt a flexible extended conformation; (2) their inability to adopt a secondary 
structure that could interact with functional epitopes on the first and second 
polypeptides; and (3) the lack of hydrophobic or charged residues that might react with 
the polypeptide functional epitopes. Preferred peptide linker sequences contain Gly, 
Asn and Ser residues. Other near neutral amino acids, such as Thr and Ala may also 

30 be used in the linker sequence. Amino acid sequences which may be usefully 
employed as linkers include those disclosed in Maratea et al., Gene 40:39-46, 1985; 
Murphy et al., Proc. Natl. Acad. Sci. USA 83:8258-8262, 1986; U.S. Pat. No. 4,935,233 
and U.S. Pat. No. 4,751,180. The linker sequence may be from 1 to about 50 amino 
acids in length. Peptide sequences are not required when the first and second 
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polypeptides have non-essential N-terminal amino acid regions that can be used to 
separate the functional domains and prevent steric interference. 

In certain embodiments of the present invention, especially for the detection of specific 
antibodies directed against frameshift polypeptides, the frameshift polypeptides 
themselves may be employed. Immunogenic portions as used herein is a portion of a 
protein, that is recognized by a B-cell and/or T-ce!l surface antigen receptor. The 
immunogenic portions comprise at least 5 amino acid residues, more preferably at 
least 10 amino acid residues and most preferably at least 15 amino acid residues of 
the frameshift polypeptides according to the present invention. 

Immunogenic portions useful for the detection of specific antibodies may be provided 
as oligopeptides or as part of larger proteins. This is dependent on the embodiment of 
the invention. Where antibodies are to be detected, the antigenic epitopes may either 
be primary structures of polypeptides or the epitopes may be built by complex 
arrangements of tertiary structures of polypeptides. Concerning cells directed against 
specific frameshift peptides the relevant immunogenic portions are merely short 
fragments of peptides with a length of about 10-20 amino acids. Thus depending on 
the particular detection method the immunogenic portions have to be chosen. 

In one embodiment of the invention a set of frameshift polypeptides is used for the 
detection of antibodies. The set may be a combination of the relevant peptides in 
solution, in cases, where information about the presence of immunological entities in 
general is sought. In contrast, when information about the presence or absence of 
particular frameshift peptides within a set of peptides is sought, the frameshift peptides 
may for example be tested each as a single, simultaneously in multiple testing 
reactions. Such experiments may for example be carried out in form of multi-well tests 
or using peptide arrays etc. 

In order to address a representative choice of mutations potentially characterizing a 
disorder a set of frameshift polypeptides used according to the method disclosed 
herein comprises for example 5-20, in a preferred embodiment 10-30, in another 
preferred embodiment 20-50, in a more preferred embodiment 50-100, in an even 
more preferred embodiment 100-500 and in the most preferred embodiment more than 
500 different frameshift polypeptides originating from frameshift mutations in ooding 
microsateliite regions. The frameshift polypeptides to be used as a set according to the 
present invention are selected with respect to a number of parameters characterizing 
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said polypeptides. A nucleic acid sequence encoding a fusion protein of the present 
invention is constructed using known recombinant DNA techniques to assemble 
separate nucleic acid sequences encoding the first and second polypeptides into an 
appropriate expression vector. The 3' end of a nucleic acid sequence encoding the first 
polypeptide is ligated, with or without a peptide linker, to the 5 1 end of a nucleic acid 
sequence encoding the second polypeptide ensuring the appropriate reading frames of 
the sequences to permit mRNA translation of the two nucleic acid sequences into a 
single fusion protein that retains the biological activity (antigenicity) of both the first and 
the second polypeptides. 

Generally using an immense or unlimited number of occurring frameshift peptides it 
would be possible to address any potential number of disorder, that is associated with 
frameshift mutations. Due to practical and immunological concerns the number of 
peptides, that are included in a vaccine must be limited. To ensure a broad range of 
impact for any diagnostic or therapeutic method employing a set of frameshift 
polypeptides, the selection of particular peptides has to be based on rationale 
considerations. 

A set of frameshift polypeptides used according to the method disclosed herein 
comprises at least 3, 4, 5, 6 or even 7 and in certain embodiments 8, 9 or 10 frameshift 
polypeptides. Due to immunological as well as practical concerns The set of frameshift 
peptides used as a vaccine may not include an unlimited number of frameshift 
peptides. Preferably the set of frameshift peptides comprises at maximum 15, in a 
more preferred embodiment at maximum 20 and in the most preferred embodiment of 
the invention at maximum 30 frameshift polypeptides. In order to ensure a maximum 
range of disorders to be addressed by the selected set of frameshift polypeptides the 
members of the set have to be selected by reasonable considerations. The frameshift 
polypeptides to be used as a set according to the present invention are selected with 
respect to a number of parameters characterizing said polypeptides. 

In one embodiment the members of the set are chosen, so that only three different 
peptides may be used to cover a wide range of tumours for as well therapeutic as well 
as diagnostic approaches. Using larger panels of frameshift peptides the stringency to 
the choice of individual peptides is lowered. In especially small sets all parameters 
influencing the efficacy of addressing a wide range of tumours need to be optimally 
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met. In larger panels even peptides occurring with lower frequencies or allowing for 
efficient immune-escape may be included. 

One crucial aspect influencing the selection of the frameshift peptides is the mutation 
frequency of the relevant microsatellite region and thus the frequency of a particular 

5 expressed frameshift polypeptide. Mutation frequency as used in the context of the 
present invention pertains to the percentage of samples within a defined range of total 
samples, which show a particular mutation. Any method suitable for the determination 
of the percentage of individuals in a range of samples displaying the existence of a 
particular genotype or phenotype (with respect to the expression of polypeptides) may 

10 be employed for the determination of the frequency according to the present invention. 
The frequencies may be determined e.g. as described below in example 1. 

The frequency may be the frequency of frameshift mutation within a coding 
microsatellite region or a frequency of expression of a frameshift polypeptide. 
Furthermore the frequency may be e.g. a frequency over a total of different tumour 
15 entities, the frequency with respect to a particular tumour entity, a frequency over 
several tumours entities restricted to particular stages of tumourigenesis or a frequency 
with respect to a particular tumour entity restricted to particular stages of 
tumourigenesis. 

The frequency according to the present invention has to be determined taking into 
20 account a range of samples sufficient to render significant data. For example 
preferably at least 50 to 100 tumours may be included in the range of samples 
analysed. In case, that a smaller number of samples has been taken into account for 
determination of the frequency, a variation of the determined frequency may take 
place, if the range of samples is broadened. 

25 Generally any frequency as determined may be used as a tool for the choice of a set of 
frameshift polypeptides according to the present invention. To ensure best results for 
the method according to the present invention a largest possible number of samples 
has to be taken into account. Yet if there are only rare data, a frequency may also be 
determined with respect to a restricted number of samples. This may especially be 

30 true, if the data for the restricted population of samples indicates a quite high frequency 
of a particular peptide, and thus implies a high therapeutic value for the respective 
peptide. Especially in cases, where a frequency is to be determined related to a 
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particular tumour entity or related to particular stages of the tumorigenesis, the 
population of samples may be restricted. 

The mutation may occur at any time during the tumour evolution and may be persistent 
or may be eliminated from the genome. Thus the frequency may comprise the 

5 frequency of the expression of a peptide at a particular stage of tumourigenesis or the 
occurrence of a genetic mutation at a particular defined stage of tumorigenesis. In one 
embodiment of the invention the frequency for the mutation is determined taking into 
account the widest possible range of samples. In this embodiment the method 
disclosed herein may be especially useful for the preventive vaccination of tumours. In 

10 another embodiment of the present invention the frequencies of mutation are related to 
specified tumour entities. In this embodiment the method according to the present 
invention may e.g. especially be useful for immuno-therapeutic approaches in 
treatment of tumours or in the preventive vaccination of particular subpopultions with 
an elevated risk for the occurrence of particular tumours. In a third embodiment of the 

15 present invention the frequency may be related to particular stages in tumourigenesis 
of particular tumours. This embodiment may be e.g. especially useful for the treatment 
of diagnostically defined tumours or for adjuvant treatment of tumours simultaneously 
or following primary treatment of tumours. 

Using frameshift polypeptides, that occur with a high frequency, the probability, that a 
20 particular tumour expresses the peptide and may thus be recognized by antibodies or 
antigen-recognizing cells, increases. By combination of multiple such polypeptides, the 
probability to address particular tumour ceils further is raised. Preferred frameshift 
polypeptides according to the present invention occur in at least 25%, more preferred 
frameshift polypeptides in at least 30% and most preferred frameshift polypeptides in 
25 at least 33% of the cases of the particular condition to be treated by the method 
according to the present invention. 

According to the present invention the polypeptides are chosen to be expressed with a 
high frequency, thus the set of polypeptides may be limited to a number of members 
and nonetheless may cover a range of occurring diseases as wide as possible. For 
30 example a set of 10 polypeptdies, each occurring with a frequency of more than 30 
percent will statistically cover a range of more than 95% of the potentially existing 
disorders, as far as they have been included in the studies leading to the respective 
frequencies. Using 7 polypeptides requires the application of polypeptides with higher 
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frequencies in order to cover a range of about 95% of potentially existing tumours. 
Using a set of polypeptides derived from enormously frequent mutated microsatellite 
regions may also allow for the employment of a set of only five different polypeptides 
without lowering the range of potentially addressed tumours. Thus the set of 
5 polypeptides comprises in a preferred embodiment at least 5, in a more preferred 
embodiment at least 7 and in the most preferred embodiment at least 10 different 
frameshift polypetides. 

A second aspect influencing the choice of a suitable set of frameshift polypeptides 
concerns the type of mutation found in the microsatellite region. Frameshift mutations 

10 microsatellites are usually due to DNA polymerase slippage and may be characterized 
by the type of the repeat. Thus in mono nucleotides repeats this type of mutation 
renders 1nt insertion or deletion. In dinucleotide repeats and tetranucleotide repeats 
mutations are insertions or deletions of 2 or 4 nt respectively. (Polypeptides encoded 
by genes with coding microsatellites and the respective polypeptides encoded by 

15 genes with frameshift mutations are given in Figure 5) For example commonly (-1) 
mutations occur in mononucleotide repeats (MNRs). In these mutations one nucleotide 
is deleted such that the reading frame is shifted by one nucleotide toward the 5' end of 
the gene compared to the original reading frame. This type of mutation renders a 
reading frame identical to that produced by (+2) mutations, which arise from two 

20 nucleotide insertions in the respective microsatellites. The respective (-1) or (+2) 
polypeptides might differ by one amino acid. The other frameshift mutation variant 
leading to frameshift mutations differing from (-1) mutations concerning the resulting 
reading frame is the (+1) mutation, arising from one nucleotide insertion, thus 
rendering a reading frame shifted one nucleotide toward the 3' end of the gene 

25 compared to the original reading frame. This mutation type gives a reading frame 
identical to that of (-2) mutations, wherein the encoded polypeptides differ by one 
amino acid. (-3) and (+3) mutations are irrelevant according to the present invention, 
for they do not give rise to frameshift polypeptides. According to the present invention 
the polypeptides included within the set shall be selected as to cover tha widest 

30 possible range of tumours. Thus a set comprises for example (-1) frameshift 
polypeptides and additionally (+1) frameshift polypeptides. Using more than one 
possible novel reading frame of the particular gene broadens the spectrum of target 
cells and thus may prevent escape of particular cells from being eliminated according 
to the present invention. 
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A further aspect influencing the choice of the member polypeptides included in a set of 
frameshift polypeptides according to the present invention is the involvement of the 
gene encoded for by the coding sequence containing the respective microsatellite in 
particular biochemical pathways. The term biochemical pathway is used with a rather 

5 broad meaning herein. Biochemical pathways as used within this document shall for 
example include signal transduction pathways, enzymatic pathways, metabolic 
pathways, the apoptosis pathway, DNA repair or polymerization pathways, the 
pathway of meiosis etc.. To broaden the spectrum of tumours to be addressed by the 
set of frameshift polypeptides, members of different pathways are included in the set. 

10 In a preferred embodiment at least 5 different pathways, in a more preferred 
embodiment at least 4 different pathways and in the most preferred embodiment at 
least 3 different pathways are represented by the frameshift polypeptides in a set 
according to the present invention. For example the TGFpRII as a member of a signal 
transduction pathway may be used in combination with the BAX gene as a member of 

15 the apoptosis pathway with additional other polypeptides associated with other 
pathways. 

A final aspect influencing the choice of suitable frameshift polypeptides to be included 
in the set according to the present invention is the length of the novel (polypeptide 
sequence arising from the mutation. The shift of the reading frame leads to novel stop 

20 codons. Thus the new peptides are not of the same length as the polypeptides 
naturally encoded by the particular gene. In most cases the new peptides are shorter 
or even significantly shorter than the original wild-type polypeptide. Frequently rather 
oligopeptides arise from the frameshift mutations. The fidelity of the immune system in 
recognizing "foreign" molecules reaches thus far, to identify even polypeptides, that 

25 differ from "own" polypeptides in only one single amino-acid mutation. The fragments, 
bound by the antigen presenting HLA molecules comprise about 12 amino acid 
residues. To enhance the fidelity of recognition of new polypeptides more than one 
single amino-acid difference should be present. A polypeptide comprising 3 
consecutive amino acids differing from the wild-type amino acid sequence is reliably 

30 recognized as foreign by the immune system. This may be due to the increased 
probability of new amino acid combinations being present in different fragments 
produced by the antigen presenting machinery. Thus the frameshift polypeptides 
according to the present invention contain at least one new amino acid, not present in 
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the wild-type polypeptide, in a more preferred embodiment at least 2 new amino acids 
and in the most preferred embodiment at least 3 new amino acids. 

According to the named parameters a basic set of frameshift polypeptides may be 
tailored, that is suitable to address a large variety of tumours and minimizes the danger 
5 of escape of single tumour cells from the therapy. Thus the probability of survival of 
tumour cells in an organism following immuno-therapy can be minimized and the rate 
of recurrence of the cancer can be reduced. 

A basic set of frameshift polypeptides includes frameshift polypeptides, that do occur 
with a high mutation frequency in associated disorders. Additionally the polypeptides 
10 within the set are chosen to be involved in different biochemical pathways. The 
mutation types are chosen, that polypeptides of a minimal length of 3 amino acid 
residues is expressed from the mutated nucleic acid sequence. Furthermore different 
mutation types of one single microsatellite may be included in the set if applicable. 

Examples of basic sets of frameshift polypeptides for use in therapeutic as well as 
1 5 diagnostic methods of the present invention include: 
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Additional to the parameters given above, data concerning the particular disorder in 
focus are taken into account for the design of particular sets of frameshift peptides 
according to the present invention. Thus individual mutation frequencies, typical 

5 mutation types, relevant biochemical pathways or special immunological 
characteristics may contribute to the set to be used in particular cases. Furthermore in 
particular cases based on results of examination of particular samples of individuals 
vaccines may be tailored as to optimally fit the therapy of the respective disorder. In 
one embodiment of the present invention individual tumour vaccine compositions may 

10 be set up according to molecular profiling of individual tumours 

Choosing suitable combinations of the peptides within the mixture of frameshift 
peptides thus enables for generation of therapeutic or diagnostic preparations with a 
wide range of applicability. E.g. vaccines that elicit immune response specifically for 
tumours of particular organs. On the other hand it is possible to design sets of 
1 5 frameshift polypeptides that cover a wide range of degenerative disorders or cancers in 
individuals. The first possibility may e.g. be especially useful for the design of curative 
treatment, whereas the second variant of sets may be of special interest for the design 
of preventive vaccines. 

The compositions and methods according to the present invention may be applied to 
20 any eukaryotic organisms exhibiting an immunologic defense system. The eukaryotic 
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organisms are for example animals of agricultrual value such as pigs, cows, sheep, 
etc., companion animals, such as cats, dogs, horses etc., animals employed in 
research purposes such as mice, rats, rabbits, hamsters etc. or humans. 

Therapeutic methods for use in the present invention comprise immunogenic treatment 
5 such as vaccination therapy or generally immuno-therapy. The vaccines for use in the 
present invention comprise for example one or more sets of frameshift polypeptides. 

According to the present invention frameshift polypeptides that comprise an 
immunogenic portion may be used for immuno-therapy for the treatment of cancer. 
Immunotherapy may be broadly classified into either active or passive immunotherapy. 

10 In active immunotherapy, treatment relies on the in vivo stimulation of the endogenous 
host immune system to react against tumours with the administration of immune 
response-modifying agents (for example, tumour vaccines, bacterial adjuvants, and/or 
cytokines). A patient may be afflicted with disease, or may be free of detectable 
disease. Accordingly, the compounds disclosed herein may be used to treat cancer or 

15 to inhibit the development of cancer. The compounds are preferably administered 
either prior to or following primary treatment of tumours such as surgical removal of the 
tumours, treatment by administration of radiotherapy and/or conventional 
chemotherapeutic drugs or any other mode of treatment of the respective cancer or its 
precursors. 

20 In passive immunotherapy, treatment involves the delivery of biologic reagents with 
established tumour-immune reactivity (such as effector cells or antibodies) that can 
directly or indirectly mediate antitumour effects and does not necessarily depend on an 
intact host immune system. Examples of effector cells include T lymphocytes (for 
example, CD8+ cytotoxic T-lymphocytes, CD4+ T-helper, tumour-infiltrating 

25 lymphocytes), killer cells (such as Natural Killer cells, lymphokine-activated killer cells), 
B cells, or antigen presenting cells (such as dendritic cells and macrophages) 
expressing the disclosed antigens. The polypeptides disclosed herein may also be 
used to generate antibodies or anti-idiotypic antibodies (as in U.S. Pat. No. 4,918,164), 
for passive immunotherapy. 

30 The predominant method of procuring adequate numbers of T-cells for adoptive 
transfer immunotherapy is to grow immune T-cells in vitro. Culture conditions for 
expanding single antigen-specific T-cells to several billion in number with retention of 
antigen recognition in vivo are well known in the art. These in vitro culture conditions 
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typically utilize intermittent stimulation with antigen, often in the presence of cytokines, 
such as IL-2, and non-dividing feeder cells. As noted above, the immunoreactive 
polypeptides described herein may be used to rapidly expand antigen-specific T-cell 
cultures in order to generate sufficient number of cells for immunotherapy. In particular, 

5 antigen-presenting cells, such as dendritic-, macrophage- or B-cells, may be pulsed 
with immunoreactive polypeptides or transfected with a nucleic acid sequence(s), 
using standard techniques well known in the art. For example, antigen presenting cells 
may be transfected with a nucleic acid sequence, wherein said sequence contains a 
promoter region appropriate for increasing expression, and can be expressed as part 

10 of a recombinant virus or other expression system. For cultured T-cel!s to be effective 
in therapy, the cultured T-cells must be able to grow and distribute widely and to 
survive long term in vivo. Studies have demonstrated that cultured T-cells can be 
induced to grow in vivo and to survive long term in substantial numbers by repeated 
stimulation with antigen supplemented with IL-2 (see, for example, Cheever, M., et al, 

15 "Therapy With Cultured T-Cells: Principles Revisited," Immunological Reviews, 
157:177, 1997). 

According to the present invention sets of frameshift polypeptides may be employed to 
generate and/or isolate tumour-reactive T-cells, which can then be administered to the 
patient. In one technique, antigen-specific T-cell lines may be generated by in vivo 
20 immunization with short peptides corresponding to immunogenic portions of the 
disclosed polypeptides. The resulting antigen specific CD8+ CTL or CD4+ T-helper 
cells clones may be isolated from the patient, expanded using standard tissue culture 
techniques, and returned to the patient. 

Alternatively, peptides corresponding to immunogenic portions of the polypeptides of 
25 the invention may be employed to generate tumour reactive T-cell subsets by selective 
in vitro stimulation and expansion of autologous T-cells to provide antigen-specific T- 
cells which may be subsequently transferred to the patient as described, for example, 
by Chang et al. (Crit. Rev. Oncol. Hematol., 22(3), 213, 1996). Cells of the immune 
system, such as T-cells, may be isolated from the peripheral blood of a patient, using a 
30 commercially available cell separation system, such as CellPro Incorporated^ (Bothell, 
Wash.) CEPRATE.TM. system (see U.S. Pat. No. 5,240,856; U.S. Pat. No. 5,215,926; 
WO 89/06280; WO 91/16116 and WO 92/07243). The separated cells are stimulated 
with one or more of the immunoreactive polypeptides contained within a delivery 
vehicle, such as a microsphere, to provide antigen-specific T-cells. The population of 
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tumour antigen-specific T-cells is then expanded using standard techniques and the 
cells are administered back to the patient. 

In another embodiment, T-cell receptors and/or antibodies specific for the polypeptides 
can be cloned, expanded, and transferred into other vectors or effector cells for use in 

5 adoptive immunotherapy. 

In a further embodiment, syngeneic or autologous dendritic cells may be pulsed with 
peptides corresponding to at least an immunogenic portion of a polypeptide disclosed 
herein. The resulting antigen-expressing and/or presenting dendritic cells may either 
be transferred into a patient, or employed to stimulate T-cells to provide antigen- 

10 specific T-cells which may, in turn, be administered to a patient. The use of peptide- 
pulsed dendritic cells to generate antigen-specific T-cells and the subsequent use of 
such antigen-specific T-cells to eradicate tumours in a murine model has been 
demonstrated by Cheever et al, (Immunological Reviews, 157:177, 1997). 

Monoclonal antibodies directed against frameshifl peptides presented on cellular 
15 membranes may according to the present invention also be used as therapeutic 
compounds in order to diminish or eliminate tumours. The antibodies may be used on 
their own (for Instance, to inhibit metastases) or coupled to one or more therapeutic 
agents. Suitable agents in this regard include radionuclides, differentiation inducers, 
drugs, toxins, and derivatives thereof. Preferred radionuclides include 90Y, 1231, 1251, 
20 1311, 186Re, 188Re, 211 At, and 212BL Preferred drugs include methotrexate, and 
pyrimidine and purine analogues. Preferred differentiation inducers include phorbol 
esters and butyric acid. Preferred toxins include ricin, abrin, diptheria toxin, cholera 
toxin, gelonin, Pseudomonas exotoxin, Shigella toxin, and pokeweed antiviral protein. 

Pharmaceutical compositions useful in immuno-therapy according to the present 
25 invention may comprise a set of at least 3, 4, 5, 6, 7, 8, 9 or 10 frameshift polypeptides 
(or variants thereof). Moreover sets of frameshift polypeptides may comprise 5 to 20, 7 
to 30 or even ore than 15, 20 or 30 frameshift peptides (or variants thereof), (or 
variants thereof), In certain embodiments the pharmaceutical compositions comprise 
the frameshift polypeptides and a physiologically acceptable carrier. The vaccines may 
30 additionally comprise a non-specific immune-response enhancer, wherein the non- 
specific immune response enhancer is capable of eliciting or enhancing an immune 
response to an exogenous antigen. Examples of non-specific-immune response 
enhancers include adjuvants, biodegradable microspheres (e.g., polylactic galactide) 
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and liposomes (into which the polypeptide is incorporated). Pharmaceutical 
compositions and vaccines may also contain other epitopes of tumour antigens, either 
incorporated into a fusion protein or present within a separate polypeptide. 

Alternatively, a pharmaceutical composition or vaccine suitable for immunotherapy 
5 according to the present invention may contain nucleic acids, that code for one or more 
frameshift polypeptides according to the present invention. Nucleic acids may for 
example include single-stranded (sense or antisense) or double-stranded molecules, 
and may be DNA (genomic, cDNA or synthetic) or RNA. RNA molecules comprise as 
well HnRNA (containing introns) as mRNA (not containing introns). According to the 
10 present invention the polynucleotides may also be linked to any other molecules, such 
as support materials or detection marker molecules, and may, but need not, contain 
additional coding or non-coding sequences. The nucleic acid may be administered in a 
way that allows the polypeptides to be generated in situ. Suitable expression systems 
are known to those skilled in the art. The expression of the polypeptides may for 
15 example be persistent or transient. In pharmaceutical compositions and/or vaccines, 
providing for in-situ expression of polypeptides, the nucleic acids may be present within 
any suitable delivery system known to those of ordinary skill in the art, including nucleic 
acid expression systems, bacteria and viral expression systems. 

Appropriate nucleic acid expression systems comprise the necessary regulatory 
20 nucleic acid sequences for expression in the patient, such as suitable promoters, 
terminators etc.. Bacterial delivery systems may for example employ the administration 
of a bacterium that expresses an epitope of a cell antigen on its cell surface. In a 
preferred embodiment, the nucleic acid may be introduced using a viral expression 
system such as e.g., vaccinia virus, retrovirus, or adenovirus, which may involve the 
25 use of a non-pathogenic, replication competent virus. Suitable systems are known to 
those of ordinary skill in the art and are disclosed, for example, in Rsher-Hoch et al., 
PNAS 86:317-321, 1989; Rexner et al., Ann. N.Y. Acad Sci. 569:86-103, 1989; 
Rexner et al., Vaccine 8:17-21, 1990; U.S. Pat. Nos. 4,603,112, 4,769,330, and 
5,017,487; WO 89/01973; U.S. Pat. No. 4,777,127; GB 2,200,651; EP 0,345,242; WO 
30 91/02805; Berkner, Biotechniques 6:616-627, 1988; Rosenfeld et al., Science 252:431- 
434, 1991; Kolls et al., PNAS 91:215-219, 1994; Kass-Eisler et al., PNAS 90:11498- 
11502, 1993; Guzman et al., Circulation 88:2838-2848, 1993; and Guzman et al., Cir. 
Res. 73:1202-1207, 1993. 
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In another embodiment transgenic mammalian cells may be used for delivery and/or 
expression of the nucleic acids. The methods for producing nucleic acid constructs 
suitabte for in-situ expression of polypeptides are known to those of skill In the art. 

Furthermore the nucleic acid may be administered as naked nucleic acids. In this case 
5 appropriate physical delivery systems, which enhance the uptake of nucleic acid may 
be employed, such as coating the nucleic acid onto biodegradable beads, which are 
efficiently transported into the cells. Administration of naked nucleic acids may for 
example be useful for the purpose of transient expression within a host or host cell. 

The pharmaceutical compositions used for immuno-therapy according to the present 
10 invention may be administered by any suitable way known to those of skill in the art. 
The administration may for example comprise injection, such as e.g., intra-cutaneous, 
intramuscular, intravenous or subcutaneous injection, intranasal administration for 
example by aspiration or oral administration. A suitable dosage to ensure the 
pharmaceutical benefit of the treatment should be chosen according to the parameters, 
15 such as age, sex, body weight etc. of the patient, known to those of skill in the art. 

The type of carrier to be employed in the pharmaceutical compositions of this 
invention, will vary depending on the mode of administration. For parenteral 
administration, such as subcutaneous injection, the carrier preferably comprises water, 
saline, alcohol, a lipid, a wax and/or a buffer. For oral administration, any of the above 

20 earners or a solid earner, such as mannitol, lactose, starch, magnesium stearate, 
sodium saccharine, talcum, cellulose, glucose, sucrose, and/or magnesium carbonate, 
may be employed. Biodegradable microspheres (e.g., polylactic glycolide) may also be 
employed as earners for the pharmaceutical compositions of this invention. Suitable 
biodegradable microspheres are disclosed, for example, in U.S. Pat. Nos. 4,897,268 

25 and 5,075,109. Any of a variety of immune-response enhancers may be employed in 
the vaccines of this invention. For example, an adjuvant may be included. Most 
adjuvants contain a substance designed to protect the antigen from rapid catabolism, 
such as aluminum hydroxide or mineral oil, and a nonspecific stimulator of immune 
response, such as lipid A, Bordetella pertussis or Mycobacterium tuberculosis. Such 

30 adjuvants are commercially available as, for example, Freund's Incomplete Adjuvant 
and Complete Adjuvant (Difco Laboratories, Detroit, Mich.) and Merck Adjuvant 65 
(Merck and Company, Inc., Rahway, N.J.). 
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The pharmaceutical compositions or immuno-therapeutic methods according to the 
present invention may be used for the treatment of degenerative disorders or cancers. 
For example the compositions and methods may be employed in the therapy of 
diagnosed cancers in order to eliminate the tumour cells from the affected organism. 
As well primary tumours as metastases or disseminated tumour cells within an 
organism may be targets to the therapeutic compounds and methods disclosed herein. 

Furthermore the compositions and methods of the Invention may be employed in the 
treatment of pre-neoplastic conditions. In this case the pre-neoplastic cells or tissues 
may be directly addressed by the immuno-therapeutic compositions or methods, or 
may be hindered from evolving into neoplastic or dysplastic conditions. For example in 
this case the pre-neoplastic condition may be treated preventively. By the vaccination 
the immune response may be elicited, so that emerging neoplasms may be destroyed. 

The methods and compositions according to the present invention may also be used 
for the prevention of degenerative disorders or cancers associated with frameshift 
mutations in coding microsatellites. For this purpose a vaccination of a population of 
organisms or of subgroups of said population may be performed. The subgroups may 
be built by suitable parameters such as hereditary predisposition for the emergence of 
degenerative disorders, exposure to factors, that increase the risk of being affected by 
said disorders etc. 

In one embodiment of the present invention the peptides disclosed herein may be used 
for the diagnosis of disorders associated with frameshift mutations in coding 
microsatellite regions. 

Diagnosis as used in the context of the present invention may comprise determining 
the presence or absence and/or the level of frameshift peptides or of specific 
immunological entities directed against particular frameshift peptides in a sample, and 
assessing diagnosis from said presence or absence and/or level of frameshift peptides 
and/or immunological entities specifically directed against said frameshift polypeptides. 

Based upon the determined presence or absence and/or the levels of frameshift 
peptides or of immunological entities specifically directed against particular frameshift 
peptides in the samples individuals can be subdivided into subgroups. The subgroups 
may be created according to scientific or clinical data, such as e.g. survival, recurrence 
■ of disease, frequency of metastases etc., related to the presence or absence and/or 
levels of frameshift peptides or of particular frameshift peptides in samples of tissues 
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affected with a particular disorder, of tissues being in question of being affected with a 
particular disorder or of tissues at risk of being affected with a particular disorder. 

Based upon these subgroups an assessment of prognosis may be done. According to 
the subgroups the therapy of the individuals affected by the disorders (e.g. tumours) 
5 may be tailored. 

Monitoring may comprise detecting the presence or absence or level of frameshift 
peptides or of immunologic entities specifically directed against frameshift polypeptides 
in samples taken at different points in time and determining the changes in said levels 
or presences or absences. According to said changes the course of the disease can 
10 be followed. E.g. the occurrence of frameshift peptides or of immunologic entities 
directed against frameshift peptides, that have not been present at an earlier time-point 
may be indicative of the progression of evolution of the affected tissue. The course of 
the disease may be used to select therapy strategies for the particular individual. 

Another aspect of diagnosis and monitoring of the disease course according to the 
15 present invention may comprise the detection of minimal residual disease. This may 
comprise for example the detection of presence and/or level of frameshift peptides or 
of immunologic entities specifically directed against said frameshift polypeptides, that 
have not been present in earlier examinations in one or more body samples following 
initial therapy of an individual once or at several timepoints. According to the presence 
20 and/or level of frameshift peptides or of immunologic entities specifically directed 
against new frameshift polypeptides detected in the samples one may select a suitable 
therapy for the particular individual. 

Furthermore the diagnostic method may be carried out to detect disseminated tumor 
cells in biological samples as MRD diagnosis of minimal residual disease. For this 
25 purpose the detection of the level of immunological entities or the presence of 
frameshift peptides or of immunological entities, specific for particular frameshift 
peptides, that have not been detected in prior examinations, may be performed. 

Immunological entities as used in the context of the present invention shall comprise 
any components of the mammalian immune system, that are able to specifically react 
30 with an antigenic epitope. Such immunlogical entities may comprise for example 
antibodies, all immunoglobulins, such as e.g. IgG, IgM, IgA, IgE, IgD, specific CD8+ T- 
cells or specific T-helper cells. 
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A sample according to the method of the present invention may comprise any sample 
comprising frameshift peptides or immunological entities as defined above. Samples 
may comprise samples of clinical relevance, such as e.g. secretions, smears, body 
fluids, urine, semen, stool, bile, biopsies, cell- and tissue-samples. Biopsies as used in 
5 the context of the present invention may comprise e.g. resection samples of tumors, 
tissue samples prepared by endoscopic means or needle biopsies of organs. 

Such samples may comprise for example intact cells, lysed cells or any liquids 
containing polypeptides, antibodies, immunoglobulins or cells specifically directed 
against frameshift peptides. Even solids, to which peptides, cells, cell fragments or 

10 antigen binding polypeptides, such as antibodies or immunoglobulins may adhere, or 
may be fixed to, may be samples according to the method disclosed herein. The 
method for detection of the level of the frameshift peptides or of the immunological 
entities according to the present invention is any method, which is suited to detect very 
small amounts of specific frameshift peptides or of specific immunological entities in 

15 biological samples. The detection reaction according to the present invention is a 
detection either on the level of polypeptides, nucleic acids, antibodies or on the level of 
cells specific for particular antigens. 

For diagnostic purposes detection procedures related to one single frameshift 
polypeptides or to immunological entities specifically recognizing said frameshift 
20 peptides may be performed. Furthermore detection procedures may be performed that 
are tailored to display the presence or absence or the level of one or more sets of 
polypeptides or immunological entities directed against these polypeptides, wherein 
the sets have been put together according to rational combinatorial parameters as they 
are given below. 

25 The detection may be carried out in solution or using reagents fixed to a solid phase. 
Solid phases may comprise beads of a variety of materials, such as e.g. agarose, 
dextrane polymers, polystyrene, silica, etc. or surfaces of suitable materials such as 
e.g. polystyrene, glass, agarose, protein, dextran etc. coated surfaces etc.. The 
detection of one or more immunological entities, such as immunoglobulins or cells 

30 carrying specific antigen recognizing epitopes, with different antigen binding 
specificities may be performed in a single reaction mixture or in two or more separate 
reaction mixtures. Alternatively the detection reactions for several immunological 
entities may for example be performed simultaneously in multi-well reaction vessels. 
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Applicable formats for the detection reaction according to the present invention may 
be, (reverse) blotting techniques, such as Westem-BIot The blotting techniques are 
known to those of ordinary skill in the art and may be performed for example as 
electro-blots, semidry-blots, vacuum-blots or dot-blots. Furthermore immunological 
5 methods for detection of molecules may be applied, such as for example 
immunoprecipitation or immunological assays, such as ELISA, RIA, Elispot assay, 
lateral flow assays, immuno-cytochemical methods etc.. 

The immunological entities specifically recognizing particular frameshift peptides may 
be detected using reagents that specifically recognise these immunological entities 

10 alone or in complex with their respective antigen (e.g. antibodies), or reagents, that are 
specifically recognized by the immunological entities themselves (e.g. the antigen). In 
one embodiment the antigen may be fused to another polypeptide, so as to allow 
binding of the antigen by the immunological entity in question and simultaneously 
binding of the second part of the fusion protein by another (labelled) antibody for the 

15 detection. The detection reaction for the immunological entities may comprise one or 
more reactions with detecting agents either recognizing the initial entities or 
recognizing the prior molecules used to recognize the immunological entities. 

The detection reaction further may comprise a reporter reaction indicating the 
presence or absence and/or the level of the immunological entities. The reporter 
20 reaction may be for example a reaction producing a coloured compound, a 
bioluminescence reaction, a chemiluminescent reaction, a fluorescence reaction, 
generally a radiation emitting reaction etc.. The detection reactions may for example 
employ antibodies or binding reagents that are detectably labelled. 

Furthermore the binding of detection molecules to the entities in question may be 
25 detected by any measurable changes in physical or physical-chemical properties, such 
as changes in spectroscopic properties, in magnetic resonance properties etc.. 
Different immunological entities or immunological entities of different specificities may 
be recognized by different methods or agents. This may be due to difficulties in 
detection of several entities, or entities with particular specificities by a particular 
30 method. An advantage of the use of different detection techniques for different 
immunological entities or for immunological entities with different specificities may for 
example be, that the different reporter signals referring to different immunological 
entities could be distinguished. 
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Generally In a method according to the present invention the detection of different 
immunological entities such as the detection of immunoglobulins and the detection of 
immunocompetent cells may be performed simultaneously. 

For all detection purposes optionally the original sample may be concentrated by any 
5 suitable means known to those of ordinary skill in the art. Furthermore steps may be 
involved to selectively extract immunological entities from the sample mixture such as 
affinity based purification techniques either employing specific antibodies or the 
respective antigen recognized by the entities in question. 

In one preferred embodiment of the invention the detection of the level of 
10 immunological entities specific for frameshift peptides is carried out on the level of 
antibodies. This may be e.g. performed using the specific interaction between the 
respective frameshift peptides with the antibodies. The determination of the presence 
or absence and/or the level of the antibodies may for example be carried out with 
recombinantly produces frameshift peptides. The peptides can be used in many 
15 different detection techniques for example in western-blot, ELISA or immuno- 
precipitation. In one embodiment the detection of antibodies is carryout as antibody 
capture assay (Antibodies A laboratory Manual, Harlow, Ed. et al., Cold Spring Harbor 
Laboratory 1988). 

In another embodiment of the invention the detection of the specific antibodies is 
20 carried out using monoclonal or polyclonal antibodies specifically recognizing the 
antigen binding epitope of the first antibodies. For this purpose the above mentioned 
immunological detection procedures may be applied. In a further embodiment chimeric 
antigens may be employed in the detection reaction. Such chimeric antigens may for 
example comprise fusion proteins combining the antigenic epitope of a frameshift 
25 polypeptide, recognized by the antibody in question, fused to another antigen, that may 
be recognized by a detection antibody. The particular antigens within the chimeric 
polypeptide may be separated by a linker or spacer region. 

Any other method for determining the amount of particular antibodies or 
immunoglobulins in biological samples can be used according to the present invention. 

30 Generally the detection of the antibodies according to the present invention may be 
performed as well in vitro as directly in situ for example in the course of an immuno- 
histochemical or immuno-cytochemical staining reaction. 
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Cells exhibiting specificity for a particular antigen may be detected by any methods 
suitable for that purpose known to those of ordinary skill in the art. Methods may for 
example comprise- proliferation-assays, cytokine-ELISAs, ELISpot assays, intracellular 
FACS-staining, PCR-mediated identification of peptide-specific cytokine (or similar) - 
5 expressing cells, tetramer-staining, cytotoxicity assays and DTH-(delayed type 
hypersensitivity) reactions. 

In case of proliferation-assays induction of peptide-specific T-cell proliferation may be 
measured by methods known to those of skill in the art. This can be achieved by 
simply counting of cells, by measuring incorporation of labelled nucleotides into cellular 

10 DNA or by measuring level and/or activity of cellular protein(s). Cytokine-ELISA may 
comprise identification of peptide-specific cytokine-secreting cells by measuring 
cytokine levels in supernatant. In the course of an ELISpot assay the number of 
peptide-specific cytokine (i.e. IFN-g)- secreting cells in a sample is determined. 
Similarly the Intracellular FACS-staining identifies cytokine-expressing ceils on the 

15 protein level. In contrast (real-time) PCR may be used for identification of peptide- 
specific cytokine (or similar) -expressing cells on the transcript level. In the course of a 
tetramer-staining assay the label is a tetramer-molecule of recombinant MHC-class I 
molecules, loaded with specific peptide and coupled to a dye. The tetramer binds to 
the T-cell receptor. Cytotoxicity assays are a method for idenfrf ication of cells, that can 

20 recognize and kill target cells in a peptide-specific manner. DTH-(delayed type 
hypersensitivity) reaction is based on the measuring of skin-reaktion of vaccinated 
persons after intradermal (or similar) application of peptide(s). 

In a preferred embodiment of the invention the detection of the immunological entities 
directed against particular frameshift polypeptides is carried out on the level of 

25 antibodies. In this embodiment the binding agent may be for example a frameshift 
polypeptide or a fragment thereof, recognized by the respective antibody, or a fusion 
polypeptide comprising said frameshift polypeptide or a fragment thereof. Furthermore 
the binding agent may comprise an antibody or a fragment thereof specific for the 
antibody in question, for the complex of the antibody with the respective frameshift 

30 polypeptide or for an antigenic epitope fused to the frameshift polypeptide. 

In another embodiment of the test kit the detection of the immunological entities is 
carried out on the level of cells specifically recognizing frameshift polypeptides. In this 
embodiment of the invention the reagent for the detection may be for example a 
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frameshift polypeptide or a fragment thereof, recognized by the respective antibody or 
T-cell receptor, or a fusion polypeptide comprising said frameshift polypeptdie or a 
fragment thereof. Furthermore the binding agent may comprise an antibody or a 
fragment thereof specific for the antibody in question, for the complex of the antibody 
5 with the respective frameshift polypeptide or for an antigenic epitope fused to the 
frameshift polypeptide. 

The method for detection of the level of the frameshift polypeptides according to the 
present invention is any method, which is suited to detect very small amounts of 
specific biologically active molecules in biological samples. The detection reaction 
10 according to the present invention is a detection either on the level of nucleic acids or 
on the level of polypeptides. 

The detection may be carried out in solution or using reagents fixed to a solid phase. 
The detection of one or more molecular markers, such as polypeptides or nucleic 
acids, may be performed in a single reaction mixture or in two or separate reaction 

15 mixtures. Alternatively the detection reactions for several marker molecules may for 
example be performed simultaneously in multi-well reaction vessels. The markers 
characteristic for the frameshift polypeptides may be detected using reagents that 
specifically recognise these molecules. The detection reaction for the marker 
molecules may comprise one or more reactions with detecting agents either 

20 recognizing the initial marker molecules or recognizing the prior molecules used to 
recognize other molecules. 

In one preferred embodiment of the invention the detection of the level of frameshift 
polypeptides is carried out by detection of the level of nucleic acids coding for the 
frameshift polypeptides or fragments thereof present in the sample. The means for 

25 detection of nucleic acid molecules are known to those skilled in the art. The procedure 
for the detection of nucleic acids can for example be carried out by a binding reaction 
of the molecule to be detected to complementary nucleic acid probes, proteins with 
binding specificity for the nucleic acids or any other entities specifically recognizing and 
binding to said nucleic acids. This method can be performed as well in vitro as directly 

30 in situ for example in the course of a detecting staining reaction. The use of this 
detection procedure is restricted to cases, where hybridisation properties of the 
respective frameshift mutations are significantly altered in comparison to the respective 
wild-type nucleic acids. Another way of detecting the frameshift polypeptides in a 
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sample on the level of nucleic acids performed in the method according to the present 
invention may comprise an amplification reaction of nucleic acids. In these cases a 
subsequent reaction displaying the presence or absence of a frameshift mutation 
within the coding microsatellite region is necessary. 
5 In another preferred embodiment of the invention the detection of the level of 
frameshift polypeptides is carried out by determining the level of expression of a 
protein. The determination of the frameshift polypeptides on the protein level can for 
example be carried out in a reaction comprising an antibody specific for the detection 
of the frameshift polypeptides. The antibodies can be used in many different detection 
10 techniques for example in western-blot, ELISA or immuno-precipitation. Generally 
antibody based detection can be carried out as well in vitro as directly in situ for 
example in the course of an immuno-histochemical staining reaction. Any other 
method for determining the amount of particular polypeptides in biological samples can 
be used according to the present invention. 
15 Furthermore according to the present invention diagnosis may comprise detection of 
immunological entities specifically recognizing particular frameshift peptides using 
reagents that specifically recognise these immunological entities alone or in complex 
with their respective antigen (e.g. antibodies), or reagents, that are specifically 
recognized by the immunological entities themselves (e.g. the antigen). In one 
20 embodiment the antigen may be fused to another polypeptide, so as to allow binding of 
the antigen by the immunological entity in question and simultaneously binding of the 
second part of the fusion protein by another (labelled) antibody for the detection. The 
detection reaction for the immunological entities may comprise one or more reactions 
with detecting agents either recognizing the initial entities or recognizing the prior 
25 molecules used to recognize the immunological entities. 

The detection reaction further may comprise a reporter reaction indicating the 
presence or absence and/or the level of the frameshift polypeptides or of the 
immunological entities. The reporter reaction may be for example a reaction producing 
a coloured compound, a bioluminescence reaction, a chemiluminescent reaction, a 
30 fluorescence reaction, generally a radiation emitting reaction etc.. The detection 
reactions may for example employ antibodies or binding reagents that are detectably 
labelled. 
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Furthermore the binding of detection molecules to the peptides or immunological 
entities in question may be detected by any measurable changes in physical or 
physical-chemical properties, such as changes in spectroscopic properties, in 
magnetic resonance properties etc.. Different polypeptides or immunological entities or 

5 immunological entities of different specificities may be recognized by different methods 
or agents. This may be due to difficulties in detection of several entities, or entities with 
particular specificities by a particular method. An advantage of the use of different 
detection techniques for different polypeptides and/or immunological entities or for 
immunological entities with different specificities may for example be, that the different 

1 0 reporter signals referring to different immunological entities could be distinguished. 

Generally in a method according to the present invention the detection of different 
polypeptides, of different immunological entities such as the detection of 
immunoglobulins and the detection of immunocompetent cells may be performed 
simoultaneously. 

15 For all detection purposes optionally the original sample may be concentrated by any 
suitable means known to those of ordinary skill in the art. Furthermore steps may be 
involved to selectively extract polypeptides and/or immunological entities from the 
sample mixture such as affinity based purification techniques either employing specific 
antibodies or the respective antigen recognized by the entities in question. 

20 Another aspect of the present invention is a testing kit for performing the method 
accoitling to the present invention. The kit may be for example a diagnostic kit or a 
research kit. 

A kit according to the present invention comprises at least an agent suitable for 
detecting the immunological entities according to the method disclosed herein. 
25 Furthermore a kit according to present invention may comprise: 

a) reagents for the detection of the antibodies or cells specifically recognizing antigens. 

b) reagents and buffers commonly used for carrying out the detection reactions as 
described herein, such as buffers, detection-markers, carrier substances and others 

c) a sample for carrying out a positive control reaction, that may comprise an antigen 
30 or a set of antigens, to which all members of a target population of individuals have 

antibodies. 
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The reagent for the detection of the antibodies or cells specifically recognizing antigens 
may include any agent capable of binding to the antibodies or cells specifically 
recognizing antigens. Such reagents may include proteins, polypeptides, nucleic acids, 
peptide nucleic acids, glycoproteins, proteoglycans, polysaccharids or lipids. 

The sample for carrying out a positive control may comprise for example an antigenic 
peptide or a set of antigenic peptides. Suitable antigens may include antigens, against 
which a wide percentage of the population has antibodies. Examples of such antigens 
may for example comprise antigens present in lysed E. coli cells, tetanus antigen, the 
viral capsid antigen of the Epstein-Barr virus, antigens derived from matrix proteins of 
Haemophilus influenzae. The antigens may for example be used as a mixture to 
ensure, that a particular individual actually displays a positive reaction. 

The present invention provides compositions and methods for enhanced 
immunotherapy of disorders associated with MSI + related occurrence of frameshift 
peptides. The invention provides sets for the immuno-therapy of said disorders, that 
address a wide range of different types of disorders in an organism and may thus be 
employed as a preventive vaccine against said disorders. Furthermore the invention 
also provides sets of polypeptides useful for the treatment of particular types of 
disorders. The use of sets of frameshift polypeptides for the immuno-therapy according 
to the present invention provides the means for a reliable treatment of degenerative 
disorders and cancers associated with frameshift mutations in coding microsatell'rtes 
reducing the risk of escape of several tumour cells or of a population of tumour cells 
from being addressed by the therapy. Thus the method of the invention reduces the 
risk of recurrence of tumours after immuno-therapy employing CTLs, T-helper cells 
and possibly specific antibody producing B-cells raised against frameshift polypeptides 
characteristic for tumour cells. The present invention furthrmore provides compositions 
and methods for enhanced diagnosis and therapy of disorders associated with MSI + 
related occurrence of frameshift peptides. The invention provides new frameshift 
polypeptides for diagnosis therapy of said disorders, that may be used each alone or in 
combinations tailored, to address a wide range of different types of disorders in an 
organism and may thus be employed as a preventive vaccine against said disorders. 



Brief description of the drawings: 
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Figure 1: ELISpot-analysis of FSP T-cell lines. Titrated amounts of T-celis were 
incubated overnight with 3.5x1 0 4 peptide loaded T2 cells per well. The 
number of IFN^y-releasing activated T-cells (spots) among the total number 
of cells analyzed (10 6 ) is depicted for each frameshift peptide. Reactivity 
5 against peptide YLLPAIVHI from the nuclear protein P68 served as a 

negative control and is indicated (open bars). 

Rgure 2: Listing of sequences of polypeptides encoded by genes with coding 
microsatellites; the sequences of polypeptides arising from different 
possible frameshift mutations are depicted. For each polypeptide the 

10 sequence expressed from the wild type open reading frames is given 

(wtORF); Furthermore the sequences expressed from (-1) mutations and 
from (-2/+1) mutation are given. 
Rgure 3: Frameshift peptide specific and HLA-A2-restricted lysis of target cells. 

(FSP02); The antigen specificity of the FSP02 CTL line was tested in the 

15 presence of unlabeled cold targets, T2 cells pulsed with FSP02 (open 

squares) at an inhibitontarget ratio of 50:1. Lysis without cold targets is 
shown as a control (closed squares). All data are shown as the mean and 
standard deviation from 3 replicate wells. For experimental details see 
example 6. 

20 Figure 4: Frameshift peptide specific and HLA-A2-restricted lysis of target cells. 

(FSP06); The antigen specificity of the FSP06 CTL line was tested in the 
presence of unlabeled cold targets, T2 cells pulsed either with FSP06 (open 
squares) at an inhibitontarget ratio of 50:1. Lysis without cold targets is 
shown as a control (closed squares). All data are shown as the mean and 

25 standard deviation from 3 replicate wells. For experimental details see 

example 6. 

The following examples are given for illustration of the invention only and are not 
intended to limit the scope of the invention. 



30 



Example 1: Analysis of the mutation frequency of genes harbouring repeat 
tracts 

Investigations were performed regarding the mutation frequencies of unpublished 
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coding microsatellite regions. Nine novel coding microsatellites residing in genes not 
yet analyzed f or frameshift mutations in MSI colorectal, endometrial or gastric tumours 
have been examined in the course of the studies leading to the present invention. They 
include three genes containing A11 repeats (TAF1B, MACS, HT001), five genes with 
5 A10 repeats (CHD2, UVRAG, TCF6L1, ABCF1, AIM2) and one gene harboring a G9 
repeat (ELAVL3). The MSI status of these specimen was determined using the NCI 
ICG-HNPCC microsatellite reference marker panel (8). PCR reactions were performed 
as follows: 

Genomic DNA was isolated from 5-8 haematoxylin and eosin stained sections 
10 after microdissection, using the Qiamp Tissue Kit (Qiagen, Hilden, Germany). 
Preparation of DNA from cell lines was performed according to standard protocols. 
PCR primers were designed to closely flank the target sequence, yielding short 
amplimeres of about 100 base pairs thus allowing precise fragment sizing and robust 
amplification from archival tissues (Table 1). PCR reactions were performed in a total 
15 volume of 25 //I containing 50 ng genomic DNA, 2.5 //I 10 x reaction buffer (Life 
Technologies, Karlsruhe, Germany), 1.5 mM MgCI 2 , 200 //M dNTPs, 0.3 //M of each 
primer, and 0.5 U Taq DNA polymerase (Life Technologies) and using the following 
conditions: initial denaturation at 94 °C for 4 min, followed by 35 cycles of denaturation 
at 94 °C for 30 s, annealing at 58 °C for 45 s, and primer extension at 72 °C for 30 s. 
20 The final extension step was carried out at 72 °C for 6 min. PCR fragments were 
analyzed on an ALF DNA sequencing device (Amersham Pharmacia Biotech, 
Freiburg, Germany) using 6.6 % polyacrylamide/ 7 M urea gels. Size, height and 
profile of microsatellite peaks were analyzed using the AlIeleLinks software 
(Amersham Pharmacia Biotech). Coding microsatellite instability was scored, if smaller 
25 or larger-sized amplimeres were detected in tumour DNA compared to DNA from non- 
neoplastic cells. Allele intensities were determined and ratios of wild-type and novel 
alleles in normal and tumour tissues were calculated, defining a two-fold difference as 
threshold for allelic shifts. Similarly, unstable alleles in tumour cell lines were identified 
by comparison to 36 unmatched normal mucosae. In order to determine the predicted 
30 repeat type and length amplified coding microsatellites were subjected to Big Dye 
terminator cycle sequencing (Perkin Elmer, Darmstadt, Germany) and subsequent 
analysis on an ABI 31 0 sequencing device. 
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The frequencies of mutations in a particular microsatellite region examined herein are 
given in figure 1/2. The mutation rates are calculated with respect to the total number 
of samples included in the study. 

Table 1: Coding microsatellite genes investigated in MSI-H colorectal cancer. 

Repeat type of nucleotide and length of repeat tract, n: number of 
samples investigated, mut: number of samples mutated, %: percentage of 
mutated samples, 
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SHC1 U73377 G8 11 0 0% 

NBS1 AF0586 A7 39 0 0% 

96 

BRCA2 X95152 T6 31 0 0% 

Table 2: Coding microsatellite genes investigated in MSi-H gastric cancer. 

Repeat: type of nucleotide and length of repeat tract, n: number of 

samples investigated, mut.: number of samples mutated, %: percentage of 

mutated samples 
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The results presented in Tables 1 and 2 show, that the tested microsatellite regions are 
frequently mutated in tumour samples. 



Example 2: Detection of the expression of frameshift mutated mRNA from 
5 genes harbouring coding microsatellite regions using PCR 



Samples of colon, gastric and endometrial carcinomas are used to determine the 
expression of mRNA showing frameshift mutations in coding microsatellite regions 
using PCR and subsequent sequencing of the amplified nucleic acid products. 

10 Tumours are collected, snap frozen, and stored at -80°C. They are verified to be 
composed predominantly of neoplastic cells by histopathological analysis. mRNA is 
isolated from tumours using Qiagen reagents (Qiagen, Hilden, Germany), and single- 
stranded cDNA is synthesized using Superscript II (Life Technologies, Inc.). 

PCR reactions were performed in a total volume of 25 jj\ containing 50 ng cDNA, 2.5 //I 
15 10 x reaction buffer (Life Technologies, Kartsruhe, Germany), 1.5 mM MgCfe, 200 //M 
dNTPs, 0.3 //M of each primer, and 0.5 U Taq DNA polymerase (LJfe Technologies) 
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and using the following conditions: initial denaturation at 94 °C for 4 min, followed by 
35 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C for 45 s, and primer 
extension at 72 °C for 30 s. The final extension step was carried out at 72 °C for 6 min. 
PCR fragments were analyzed on an ALF DNA sequencing device (Amersham 
5 Pharmacia Biotech, Freiburg, Germany) using 6.6 % polyacrylamide/ 7 M urea gels. 

The experiments described show, that in the cases of the tested genes CHD2, 
UVRAG, ELAVL3, TCF6L1, ABCF1 , AIM2, TAF1B, MACS and HT001 mutated coding 
microsatellite regions are transcribed into mRNA. 

These results indicate, that the cells harbouring mutations in coding microsatellite 
10 regions of the nine genes tested express neo-polypeptides derived from these 
frameshift mutations. 



Example 3: Stimulation of cellular immune response by frameshift peptides 

The present experiments were performed in order to determine, whether the frameshift 
15 peptides arising from mutations in coding microsatellite regions according to the 
present invention are suited to stimulate a cellular immune response. The experiments 
were performed as follows: 

Peptides displaying HLA-A2.1 -binding motifs were selected by taking advantage of 
specific computer programs [(Parker, Bednarek, & Coligan 1994); 
20 http^/bimas.dcrt.nih.gov/molbio/hIOind/ and (Rammensee et at. 1999); 
httpy/134.2.96.221/scripts/MHCSe^er.dll/home.htm]. 
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Table 3: Frameshift Peptides analysed for in vitro stimulation of a cellular 
immune response; All analysed peptides are derived from (-1) mutations in 
microsatellites of the cognate proteins; The protein or nucleotide accession 
numbers are indicated wrthin the table; the position of the start amino acid in 
the protein is indicated in the tables; the predicted binding scores to HLA- 
A2.1 using computer assisted analysis; 



Protein Accession Name Peptide Theoretical Scores 
Number 
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AAB47281 FSP33 ^CUVSRTLLL 
AAB47281 FSP34 ^RLCLIVSRTL 



21 



4 



23 



22 



Peptides were purchased from the peptide synthesis unit of the DKFZ. Stock solutions 
(10mg/ml in DMSO) were stored at -70°C and diluted to 1 mg/ml in PBS before use. T2 
cells were pulsed with 50//g/ml peptide and Sjjg/ml B2-microglobulin (Sigma; 
Deisenhofen, Germany) overnight at 37°C. The expression of HLA-A2.1 was then 
5 analysed by flow cytometry using mAb BB7.2 followed by incubation with FITC- 
conjugated (ab')2 goat anti-mouse Ig (Vonderheide et al. 1999). 

Peripheral blood was obtained from a healthy HLA-A2.1+ donor and collected in 
heparinized tubes. PBMNC were isolated by Ficoll-density gradient centrifugation. 
Whole CD3+ T-celis were isolated from PBMNC by magnetic depletion of non-T-celis 
10 using the MACS Pan T-cell Isolation Kit (Miltenyi; Bergisch Gladbach, Germany) 
according to manufacturer's instructions. Preparations contained at least 97% of CD3+ 
cells as assessed by immunophenotypic analysis. 

HLA-A2.1 -restricted peptides were FSP27 and FSP29 from a (-1) in the TAF1B-gene; 
FSP30 was derived from a (-1) mutation in the HT001 gene. 

15 CD40 Bs of a HLA-A2.1+ donor were incubated with peptide (10//g/ml) and human 82- 
microglobulin (3/yg/mi; Sigma) in serum-free IscoVs DMEM medium for one hour at 
room temperature, washed twice to remove excess of peptide, were irradiated (30Gy) 
and added to purified CD3+ autologous T-cells (>97% CD3+) at a ratio of 4:1 (T:CD40 
Bs) in lscov*s MEM containing 10% human AB-serum, supplements (1:100) and hlL-7 

20 (10ng/ml, R&D). Cells were plated at a density of 2 x 106 T-cells/Weil in 1ml of 
medium. After three days in culture they were fed with 1ml complete medium. For 
restimulation of T-cells, this was repeated weekly. IL-2 was first given at day 21 
(10IU/ml, R&D), also at day 24 and from day 28 on only hlL-2 was used instead of 
hlL7. 

25 ELISpot assays were performed as described elsewhere (Meyer et al. 1998). Briefly, 
nitrocellulose-96-weII plates (Multiscreen; Millipore, Bedford, USA) were covered with 
mouse anti-human IFN-g monoclonal antibody (Mabtech, Sweden) and blocked with 
serum containing medium. Varying numbers of effector ceils were plated in triplicates 
with 3,5x104 peptide-loaded T2 cells per well as targets. After incubation for 18h, 

30 plates were washed, incubated with biotinylated rabbit anti-human IFN-g second 
antibody, washed again, incubated with streptavidin coupled alkaline phosphatase, 
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followed by a final wash. Spots were detected by incubation with NBT/BCIP (Sigma) 
for 45min, reaction was stopped with water, after drying spots were counted using the 
KS-EUSpot reader (Zeiss Kontron; Gottingen, Germany). 

The analysis shows, that the used peptides are suited to raise an immune response. 
5 Peptides arising from frameshift mutations thus may be used to raise immune 
response for example in the course of vaccinations according to the present invention. 



Example 4: Screening for Antibodies directed against frameshift peptides in 
patient samples 

10 

Serum of 25 patients with diagnosed colorectal carcinomas was tested for the 
presence of antibodies to a set of frameshift peptides arising from frameshift mutations 
in coding microsatellite regions of the following genes: CHD2, UVRAG, ELAVL3, 
TCF6L1, ABCF1, AIM2, TAF1B, MACS and HT001. As a control the serum of 50 
1 5 normal individuals was tested. 

For the test synthetic peptides representing immunogenic portions of all relevant 
frameshift peptides (see figure 5) arising from the respective genes were spotted onto 
nylon membranes. The nylon membranes were subsequently incubated for one hour in 
phosphate-buffered saline (PBS) with 5% milk powder for blocking unspecific 

20 membrane binding. After washing the membranes 3x with PBS, the membranes were 
incubated with the test and control sera. The sera were diluted 1:1.000 in PBS/0,5% 
milk powder and incubated overnight with gentle shaking. Subsequently the sera were 
removd, and membranes were washed three times in PBS before they were incubated 
with a polyclonal alkaline phosphatase conjugated goat anit-human IgG antibody for 

25 one hour. Thereafter, the membranes were washed repeatedly with PBS/0,05% 
TWEEN20 before staining reaction was developed using nitroblue tetrazolium chloride 
and bromochoro-indoyl-phosphate (SigmaAldrich) in Tris-buffered saline (TBS). 
Binding of human antibodies specific for individual frameshift polypeptides thus was 
made visible by color-deposit on the respective membrane. 

30 The results show, that in ail samples of tumour patients antibodies directed against at 
least one peptide arising from frameshift mutations were present 
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This illustrates, that the method according to the present invention may be used for 
diagnosis of diseases associated with frameshift mutations in coding regions of genes. 



Example 5: In vitro stimulation of cellular immune response by frameshift 
5 peptides 

The present experiments were performed in order to determine, whether the frameshift 
peptides arising from mutations in coding microsatellite regions according to the 
present invention are suited to stimulate a cellular immune response. The experiments 

1 0 were performed as follows: 

Peptides displaying HLA-A2.1 -binding motifs were selected by taking advantage of 
specific computer programs [(Parker, Bednarek, & Coligan 1994); 
http^/bimas.dcrt.nih.gov/molbio/hleL.bind/ and (Rammensee et al. 1999); 
http^/134.2.96.221/scripts/MHCServer.dII/home.htm]. Peptides were purchased from 

15 the peptide synthesis unit of the DKFZ. Stock solutions (10mg/ml in DMSO) were 
stored at -70°C and diluted to 1mg/ml in PBS before use. T2 cells were pulsed with 
50//g/ml peptide and 5//g/ml B2-microglobulin (Sigma; Deisenhofen, Germany) 
overnight at 37°C. The expression of HLA-A2.1 was then analysed by flow cytometry 
using mAb BB7.2 followed by incubation with FITC-conjugated (ab')2 goat anti-mouse 

20 ig (Vonderheide et al. 1 999). 

Peripheral blood was obtained from a healthy HLA-A2.1+ donor and collected in 
heparinized tubes. PBMNC were isolated by Ficoll-density gradient centrifugation. 
Whole CD3+ T-cells were isolated from PBMNC by magnetic depletion of non-T-cells 
using the MACS Pan T-Cell Isolation Kit (Miltenyi; Bergisch Gladbach, Germany) 

25 according to manufacturer's instructions. Preparations contained at least 97% of CD3+ 
cells as assessed by immunophenotypic analysis. 

CD40 Bs of a HLA-A2.1+ donor were incubated with peptide (10jt/g/ml) and human B2- 
microglobulin (3//g/ml; Sigma) in serum-free IscoVs DMEM medium for one hour at 
room temperature, washed twice to remove excess of peptide, were irradiated (30Gy) 
30 and added to purified CD3+ autologous T-cells (>97% CD3+) at a ratio of 4:1 (T:CD40 
Bs) in Iscov's MEM containing 10% human AB-serum, supplements (1:100) and hlL-7 
(10ng/ml, R&D). Ceils were plated at a density of 2 x 10 6 T-celis/well in 1ml of medium. 
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After three days in culture they were fed with 1ml complete medium. For restimulation 
of T-cells, this was repeated weekly. IL-2 was first given at day 21 (10IU/ml, R&D), also 
at day 24 and from day 28 on only hlL-2 was used instead of hlL7. 

ELISpot assays were performed as described elsewhere (Meyer et al. 1998). Briefly, 
5 nitrocellulose-96-well plates (Multiscreen; Millipore, Bedford, USA) were covered with 
mouse anti-human IFN-g monoclonal antibody (Mabtech, Sweden) and blocked with 
serum containing medium. Varying numbers of effector cells were plated in triplicates 
with 3,5x1 0 4 peptide-loaded T2 cells per well as targets. After incubation for 18h, 
plates were washed, incubated with biotinylated rabbit anti-human IFN-g second 
10 antibody, washed again, incubated with streptavidin coupled alkaline phosphatase, 
followed by a final wash. Spots were detected by incubation with NBT/BCIP (Sigma) 
for 45mln, reaction was stopped with water, after drying spots were counted using the 
KS-ELISpot reader (Zeiss Kontron; Gottingen, Germany). 

These procedures were performed for peptides derived from mutations in the coding 
15 regions of the following genes: TGFpRII, OGT, U79260, CASP 5, MSH 3, HPDMPK, 
HT001, TAF1B, D070, MAC30X, FLT3L and SEC63. Peptides are listed in Figure 1. 
Results for ELIspot analysis Is shown in Rgure 2. 

The analysis shows, that the used peptides are suited to raise an immune response. 
Peptides arising from frameshift mutations thus may be used to raise immune 
20 response for example in the course of vaccinations according to the present invention. 

Example 6: Cytotoxicity assay directed against cells displaying frameshift 
peptides. 

25 CTL bulk cultures and/or CTL clones obtained according to the method described in 
Example 1 were tested for their cytotoxicity as follows: 

Due to the limited amount of cell material clones were in some experiments pooled for 
the determination of the cytotoxicity. 

To obtain cells presenting frameshift peptides on the one hand different MSI+ cell lines 
30 endogenously expressing mutated mRNA of the respective frameshift peptides of 
TGFpRII, OGT, U79260, CASP 5, MSH 3, HPDMPK, HT001, TAF1B, D070, MAC30X, 
FLT3L and SEC63 either expressed HLA-A2.1 endogenously or were stably 
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transfected with HLA-A2.1 on the other hand several MSI- cell lines expressing HLA- 
A2.1 were transfected with the mutated full-length cDNA of the respective frameshift 
peptides (of TGFpRII, OGT, U79260, CASP 5, MSH 3, HPDMPK, HT001, TAF1B, 
D070, MAC30X, FLT3L and SEC63). After selection and expansion of the transfected 
5 cell lines for each respective frameshift peptide at least two stably transfected sub-cell 
lines were available. These cell lines were used in cytotoxicity assays, wherein 
negative controls were the respective untransfected MSI+ HLA-A2.1 negative and/or 
the MSI-, HLA-A2.1 positive cell lines. 

It could be shown, that the transfected cell lines were lysed by the bulk cultures and/or 
10 pooled clones of CTLs. The reactivity was tested at different target cell to effector cell 
ratios. In average around 20%-30% of the target cells were lysed in the assays. The 
control cells were always lysed at a significantly lower percentage. 

In Figures 3 and 4 results for the frameshift peptides FSP02 (TGFPRII(-I)) and FSP06 
(OGT(-1)) respectively are shown. These results shall be representative for the results 
1 5 related to the other frameshift peptides, which rendered similar rates of lysis. 

The experiments show, that frameshift peptides may generate immune response. The 
frameshift peptides may furthermore be applied for the detection of the presence of 
cytotoxic T-cells directed against a particular frameshift peptide. 

20 Example 7: Screening for Antibodies directed against frameshift peptides in 
patient samples 

Serum of 25 patients with diagnosed colorectal carcinomas was tested for the 
presence of antibodies to a set of frameshift peptides arising from frameshift mutations 
25 in coding microsatellite regions of the following genes: TGFpRII, U79260, CASP 5, 
HT001, PTHL3, MACS, TCF4, TAF1B, AC1, AIM2, SLC23A1, ABCF1, HSPC259, 
BAX, TCF6L1, FTL3L, OGT, ELAVL3, MAC30X, MAC30X, SLC4A3, PRKDC, 
UVRAG, MSH3 and SEC63. As a control the serum of 50 normal Individuals was 
tested. 

30 For the test synthetic peptides (20 to 40mers, partly overlapping) representing 
immunogenic portions of all relevant frameshift peptides (see figure 5) arising from the 
respective genes were spotted onto nylon membranes. The nylon membranes were 



WO 03/087162 PCT/EP03/04083 

46 

subsequently incubated for one hour in phosphate-buffered saline (PBS) with 5% milk 
powder for blocking unspecific membrane binding. After washing the membranes 3x 
with PBS, the membranes were incubated with the test and control sera. The sera 
were diluted 1:1.000 in PBS/0,5% milk powder and incubated overnight with gentle 
5 shaking. Subsequently the sera were removed, and membranes were washed three 
times in PBS before they were incubated with a polyclonal alkaline phosphatase 
conjugated goat anit-human IgG antibody for one hour. Thereafter, the membranes 
were washed repeatedly With PBS/0,05% TWEEN20 before staining reaction was 
developed using nitroblue tetrazolium chloride and bromochoro-indoyl-phosphate 
10 (SigmaAldrich) in Tris-buffered saline (TBS). Binding of human antibodies specific for 
individual frameshift polypeptides thus was made visible by color-deposit on the 
respective membrane. 

The results show, that in all samples of tumour patients antibodies directed against at 
least one peptide arising from frameshift mutations were present. 

15 This illustrates, that the method according to the present invention may be used for 
diagnosis of diseases associated with frameshift mutations in coding regions of genes. 
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1. A nucleic acid sequence encoding a polypeptide selected from a group 
consisting of TAF1B, MACS, UVRAG, ELAVL3, TCF6L1, ABCF1, AIM2, CHD2, 
FU11053, KIAA1052, ACVR2 and HT001 having a frameshift mutation, 
wherein the frameshift mutation is selected from a group comprising the 
following: 

a. the insertion of one A in the A11 repeats of the genes TAF1B, MACS, 
HT001, FU11053, KIAA1052 

b. the insertion of two A in the A11 repeats of the genes TAF1B, MACS, 
HT001, FU11053, KIAA1052 

c. the deletion of one A in the A11 repeats of the genes TAF1B, MACS, 
HT001, FU11053, KIAA1052 

d. the deletion of two A in the A11 repeats of the genes TAF1B, MACS, 
HT001, FU11053, KIAA1052 

e. the insertion of one A in the A10 repeats of the genes CHD2, UVRAG, 
TCF6L1,ABCF1,AIM2 

f. the insertion of two A in the A10 repeats of the genes CHD2, UVRAG, 
TCF6L1, ABCF1, AIM2 

g. the deletion of one A in the A10 repeats of the genes CHD2, UVRAG, 
TCF6L1,ABCF1, AIM2 

h. the deletion of two A in the A10 repeats of the genes CHD2, UVRAG, 
TCF6L1, ABCF1, AIM2 

i. the insertion of one A in the A8 repeat of the gene ACVR2 
j. the insertion of two A in the A8 repeat of the gene ACVR2 
k. the deletion of one A in the A8 repeat of the gene ACVR2 
I. the deletion of two A in the A8 repeat of the gene ACVR2 
m. the insertion of one G in the G9 repeat of the gene ELAVL3 
n. the insertion of two G in the G9 repeat of the gene ELAVL3 
o. the deletion of one G in the G9 repeat of the gene ELAVL3 
p. the deletion of two G in the G9 repeat of the gene ELAVL3 

2. The nucleic acid according to claim 1 for use in detection of disorders 
associated with frameshift mutations in coding microsatellite regions and/or for 
use in preparation of pharmaceutical compositions for treatment of disorders 
associated with frameshift mutations in coding microsatellite regions. 

3. A frameshift polypeptide selected from a group comprising: 

a. a frameshift polypeptide derived from a frameshift mutation as described 
in claim 1 in a coding microsatellite region of a gene selected from the 
group consisting of CHD2, UVRAG, ELAVL3, TCF6L1, ABCF1, AIM2, 
TAF1 B, MACS and HT001 ; 

b. a polypeptide described by an amino acid sequence given in Figure 2; 

c. a polypeptide encoded by a nucleic acid sequence according to daim 1 ; 

d. a fragment or a portion of the polypeptides of a) to c) containing at least 
one amino acid not present in the wild-type protein 
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4. A frameshift polypeptide according to claim 3 for use in detection of disorders 
associated with frameshift mutations in coding microsateliite regions and/or for 
use in preparation of pharmaceutical compositions for treatment of disorders 
associated with frameshift mutations in coding microsateliite regions. 

5 5. A method for treatment of disorders associated with frameshift mutations in 
coding microsatellites comprising administering one or more frameshift 
polypeptides according to claim 3 or nucleic acid sequences according to claim 
1 in a pharmaceutical acceptable form to an individual. 

6. The method of claim 5 additionally comprising administering one or more further 
10 frameshift polypeptides arising from frameshift mutations in coding microsateliite 

regions. 

7. The methods according to the claims 5 or 6, wherein the disorder is a 
degenerative disorder 

8. The methods according to the claims 5 or 6, wherein the disorder is a 
15 neurodegenerative disorder, vascular disease, cancer or precursory stages of 

cancer. 

9. The methods according to any one of the claims 5-8, wherein the treatment is 
immuno-therapeutic treatment of disorders. 

10. The methods according to any one of the claims 5-8, wherein the treatment is 
20 preventive vaccination against disorders. 

11. A pharmaceutical composition for use in the methods according to any one of 
the claims 5-10 comprising a nucleic acid according to daim 1 and/or a 
polypeptide according to claim 3 in physiological acceptable form. 

12. A method for detection of a disorder associated with frameshift mutations in 
25 coding microsateliite regions comprising detecting the presence or absence of 

one or more nucleic acids according to claim 1 and/or frameshift polypeptides 
according to claim 3 in a biological sample. 

13. A method for detection of a disorder associated with frameshift mutations in 
coding microsateliite regions comprising detecting the presence or absence of 

30 antibodies directed against one or more frameshift polypeptides according to 

daim 3 in a biological sample. 
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14. A method for detection of a disorder associated with frameshift mutations in 
coding microsatellite regions comprising detecting the presence or absence of 
cells specifically directed against one or more frameshift polypeptides according 
to claim 3 in a biological sample. 

15. The methods according to any one of the claims 12-14, wherein the disorder is 
a degenerative disorder 

16. The methods according to any one of the claims 12-14, wherein the disorder is 
a neurodegenerative disorder, vascular disease, cancer or precursory stages of 
cancer. 

17. A diagnostic or research kit for performing the methods according to any one of 
the claims 12-16 comprising one or more nucleic acids according to claim 1 
and/or one or more polypeptides according to claim 3. 

18. A method for treatment of disorders associated with peptides arising from 
frameshift mutations in coding microsatellite regions in individuals, comprising 
selecting a set of at least 5 different frameshift peptides according to the 
following requirements: 

a. at least 3 of the frameshift peptides occur with a frequency of more than 
30% in tissues affected by said disorders; 

b. the frameshift peptides comprise each at least one novel amino acid 
residue compared to the wild-type amino acid sequence; and 

c. the frameshift peptides comprise members of at least 3 different 
biochemical pathways; 

and administering said frameshift peptides to an individual either as peptide or 
in form of a nucleic acid to be expressed in situ in a pharmaceutical acceptable 
form that enables induction of an immune response in the individual against the 
peptides. 

19. The method of claim 18, wherein at least one coding microsatellite sequence is 
represented by peptides originating from at least two different reading frames of 
said single microsatellite region. 
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20. The method according to any one of the claims 18-19, wherein at least one 
frameshift peptide is derived from a frameshift mutation in the (A)io tract of the 
TGFBRII gene. 

21. The method according to any one of the claims 18-20, wherein at least one 
frameshift peptide is derived from a frameshift mutation in the (G)s tract of the 
BAX gene. 

22. The method according to any one of the claims 18-21, comprising at least five 
frameshift peptides selected from a group consisting of frameshift peptides 
derived from the (A)n tract of the MACS gene, the (A)i 0 tract of the CASP5 
gene, the (A) 9 tract of the TCF-4 gene, the (G) 8 tract of the IGFIIR gene, the 
(T)io tract of the AC1 gene, the (A) 9 or (A)io tract of the SEC63 gene, the (A)n 
tract of the TAF1B gene, the (A)n tract of the PTHL3 gene, the (T)i 4 tract of the 
U79260 gene, the (A)i 0 tract of the AIM2 gene, the (A)io tract of the ABCF1 
gene. 

23. A method according to claim 18, wherein the set comprises frameshift peptides 
derived from mutations in the coding regions of the following genes: TGFBRII, 
U79260, CASP 5, HT001, PTHL3, MACS, TCF4, TAF1B, AC1 and SEC63 

24. A method according to claim 18, wherein the set is selected from a group 
comprising 

HT001 U79260 MACS 

HT001 TAF1B MACS 

HT001 TGFB2R MACS 

HT001 U79260 TGFB2R 

HT001 U79260 TAF1B 

HT001 TGFB2RTAF1B 

HT001 U79260 TGFB2R MACS 

HT001 U79260 TGFB2R AC1 

HT001 U79260 TGFB2R TAF1B 

HT001 TGFB2R MACS CASP5 

HT001 U79260 MACS CASP5 

HT001 U79260 MACS AC1 

HT001 TGFB2RTAF1B CASP5 

HT001 U79260 MACS OGT 

U79260 TGFB2RAC1 CASP5 

HT001 U79260 TGFB2R MACS AC1 

HT001 U79260 TGFB2R TAF1B MACS 

HT001 U79260 TGFB2R TAF1B AC1 

HT001 U79260 TGFB2R MACS AIM2 

HT001 U79260 TGFB2R TAF1B AIM2 
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U79260 TGFB2RTAF1B AC1 CASP5 
HT001 U79260 TGFB2R AC1 CASP5 
U79260 TGFB2R MACS AC1 CASP5 
HT001 U79260 TAF1B MACS AC1 
HT001 U79260 TAF1B MACS CASP5 
HT001 U79260 MACS AC1 OGT 
HT001 U79260 MACS MSH3 OGT 
HT001 U79260 TGFB2R MACS OGT 
HT001 TGFB2R TAF1 B AC1 CASP5 
HT001 U79260 TGFB2R AC1 AIM2 

25. The method according to claims 18 -24, wherein the disorder is cancer or its 
precursory stages. 

26. The method according to claim 25, wherein the cancer is colon cancer. 

27. The method according to claims 18-26, which is immuno-therapeutic treatment 
of disorders. 

28. The method according to claims 18-27, which is preventive vaccination against 
disorders. 

29. The method according to any one of the claims 18-28, wherein the nucleic acid 
administered to the individual is mRNA. 

30. A pharmaceutical composition comprising a set of frameshift polypeptides as 
used in the methods of any one of the claims 18-24 for the use in 
immunotherapy according to claim 27 or 28 of disorders associated with 
frameshift mutations in coding microsatellite regions. 

31 .The pharmaceutical composition of daim 30, which is used for the treatment of 
cancer. 

32. A method for the detection of a disorder associated with frameshift mutations in 
coding microsatellite regions in an individual comprising 

a. detection of the presence or absence and/or of the level of 
immunological entities specifically directed against one or more 
frameshift polypeptides originating from frameshift mutations in coding 
microsatellite regions in a biological sample, and 

b. assessing diagnosis of the presence or absence of said disorder and/or 
prognosis of the disease course of said disorder from the presence or 
absence and/or the level of said immunological entities. 



WO 03/087162 PCT/EP03/04083 

33. The method of claim 32, wherein the immunological entity is an antibody or a 
fragment thereof. 

34. The method of claim 32, wherein the immunological entity is a cell specifically 
directed against a frameshift polypeptide. 

35. The method of any one of the claims 32-34, wherein the disorder is a neuro- 
degenerative disorder or cancer. 

36. The method of claim 35, wherein the cancer is gastrointestinal cancer. 

37. The method of any one of the claims 32-36, wherein immunological entities are 
specifically directed against at least one frameshift polypeptide derived from a 
frameshift mutation in the (A) 10 tract of the TGFpRII gene. 

38. The method of any one of the claims 32-37, wherein immunological entities are 
specifically directed against at least one frameshift polypeptide derived from a 
frameshift mutation in the (G) 8 tract of the BAX gene. 

39. The method of any one of the claims 32-38, wherein immunological entities are 
specifically directed against at least one frameshift polypeptide selected from a 
group consisting of frameshift peptides derived from the (A)n tract of the MACS 
gene, the (A)i 0 tract of the CASP5 gene, the (A) 9 tract of the TCF-4 gene, the 
(G) 8 tract of the IGFIIR gene, the (T)i 0 tract of the AC1 gene, the (A) 9 or (A)i 0 
tract of the SEC63 gene, the (A)n tract of the TAF1 B gene, the (A)n tract of the 
PTHL3 gene, the (T) i4 tract of the U79260 gene, the (A)i 0 tract of the AIM2 
gene, the (A)i 0 tract of the ABCF1 gene. 

40. The method of any one of the claim 32-39, wherein the detection is carried out 
in vitro. 

41. The method of any one of the claim 32-39, wherein the detection is carried as 
an in situ immuno-cytochemical staining reaction. 

42. A kit for performing the methods of any one of the claims 32-41, which is a 
diagnostic kit or a research kit. 
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ELISpot analysis of FSP01 to FSP18 
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EUSpot analysis of FSP19 to FSP34 
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Figure 2 
HT001 

WtORF 

MQRPNAHRISQPIRQIIYGUJJslASPHUXT^^ 
5 VKQTll^IPTBLXLPIAVSCYVVLQHTETKAKLHHLQSLLLTM 
HIFCQWQSCLQMGMYU^QLLSTPLPEPDLTRLYSGSL^ 
NSKKKRQKKQhrrSCSKNRGRTTAHTKCWY^^ 
(-1)ORF 

MQRPNAHRISQPlRQIIYGLUJslASPHUDKT^^ 
1 0 VKQTJLEPfPTBUCLPlAVSCYWLQHTETKAKUHHLQSLU-TMLV 

HIRXJWQSCLjQMGMYU^QU-STPLPEPDLTRLYSGSLVHGLCQQL^ 
HSKK KGRRNRfPA VLRTEGEPLHTPSVGMRETTGLGC 
(+1)/(-2)ORF 

MQRPNAHR1SQPIRQirYGLUJSIASPHU)KTSWN/^ 
1 5 VKQTIUEPIPTSLKIJIAVSCYWLQHTETKAK^ 

HIFCQWQSCLQMGMYUSlQLLSTPLPEPDLTRLYSGSLVHGLCQQLLA^ 
NSKK KOOAEETEYOLF 

U79260 

20 WtORF 

MGHPRAIC^SVFFSPYDVHFUJYPIRCPYUOGRFHIKLKGL^ 

VAGT AGTCRRAQUFVFLAEMGFHHVGRDGLDLNLVJHPPRSPKALGLQA 

M)ORF 

MGHPRAKaPSVFFSFnTOVHFLLYPIRCPYlKIGRFHl^ 
25 WLGLQARAAAPS 
(+1V(-2)ORF 

MGHPRAK^SVFFSPYDWFU.YPIRCFYLK] 

PTHL3 

30 (Wt)ORF 

MQRRLV<XWSVAVFU^YAVPSCGRSVEGLSRRLKRAVSEHQL^ 

TKNHPVRFGSDDEGRYLTQETNKVETYKEQPIKTPGKKKKG 

DSRTAlXWGU<KKKENNRRT>iHM<XMlSLFXSPLLLL 

(-1)ORF 

35 MQRRLVCKJWSVAVFLLSYAWSCGRSVEGL^RRLKRAVSEHQUJ^ 

TKNHPVRFGSDDEGRYLTQETNKVETYKEQPUCTT'GKKKKGKPGKRKE 

DSRTAIXWGLKKKfflC T7HgH//CA/ 

(+1V(-2)ORF 

MQRRLVMWSVAVFU^YAWSCXSRSVEGi^RRUO^^ 
40 TKNHPVRFGSDDEGRYLTQETNKVETYKEQPUCT^ 
DSmAlLWGU<KK(K )GKCK3mrSYATNDUI 

TGFbRII 

45 MGRGl±J*GLWPmi\flJ/\fmiASTlPP 

WRKNDENrFUEWCHDPKLPYHDRLEDAASPKQMKEKKKPGF 

GVAISVIlIFYCrmWRCK^KLSSTWETGKTRKU^EFSEHC^ 

TSEQFETVAVKIFPYEEYASWKTEKDlFSDINLKHENlLjCa^TAEERKTELGKQYW 

RGIAHLHSDHTTKXSRPKMPIVHRDLNSSNI^^ 
50 FKOTDWS^VLWEMTSRC^VGEVKDYEPPFGSKVREHPC^SM 

EARLTAQCVAERFSELEHLDRJLSGRSCSEEKIPEDGSLNTTK 

(-1)ORF 

MGRGUJteLWPLHlVLWTFlASTIPPHVQKSW 

WRKND ENITLETVCHD PKLPYHDRLEDAASPKCIMKEKKSL W?L5SC VPUfltMS/4 /VfTT SSSOKNfTPA ILTCC 
55 (+1)/(-2)ORF 

MGRGUi^GLWPWIVLWraiASTIPPHVQKSVNNDMIVTDNNGAW 
WRKNDENTTL£W(>IDPKLPYHDRLEDAASPKCIMKEKK(K)AW 

MACS 

<w1)0RF 

60 MGAQFSKTAAKGEAAAERPGEAAVASSPSKANGQENGHVKVNGDASPAAAESGAKEELQANGSAPAAD 
SAEKGEPAAAAAPEAGASPVEKEAPAEGEAAEPGSATAAEGEAASAASS^ 
SFKKNKKEAGEGGEAEAPAAEGGKDEAAGGAAAAAAEAGMSGEQ^ 

DE7KAAEEPSKVEEKKAEEAGASAAACEAPSAAGPGAPPEQEAAPAEEPAAAAASSACAAPSQEAQPECSPEAPPAEAAE 
oc (-lyORF 

65 MGAQFSKTAAKGEAAAERPGEMVASSPSKANGQENGHVKW 

SAEKGEPAAAAAPEAGASPVEKEAPAEGEAAEPGSATAAEGEAASAASSTSSPKAED^ 
(+1)/(-2)ORF 

MGAQFSKTAAKGEAAAERPGEAAVASSPSKANGQENGHVKVNGD/^ 
_^ SAEKGEPAAAAAPEAGASPVEKEAPAEGEAAEPGSATAAEGEAASAASSTSSPKAE 
70 RLLLQEEQEGGWRRR 
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TCF-4 

(wQORF 

MPQU^GGGGDDLGANDEUSFKDEGEQEEKSSENSSAERDIADVKSSLVNES 
AAKRQDGGLFKGPPYPGYPnMIPDLTSPYU 5 ^^ 
5 HHVHPLTPLnTSNEHFTPGNPPPHLPADVDPKTGIPRPPHPPDISPYYPLSPGWQQIPHPLGVVL 
TALTVNASVSRFPPHMVPPHHTl>frrGIPHPAn/TPTVKQESSQSDVGSL^ 
WAECTU<ESAAINQILGRRW4ALSREEQ^^ 
PPITDLSAPKKCRARFGUXXJNNWCGPCRRKKKCVRYICXa^ 
U<PDPLAHLSMMPPPPAUJJ^THKASALCPNG^ 
10 (-1)ORF 

MPCUJ^GGGGDDLGANDEUSFKDEGEQEEKSSENSSAERDUUD\^ 
AAKRQDGGLfT<GPPYPGYPRMIPDLTSPYU 3 NGSLSP^ 
HHVHPLTPLTTYSNEHFTPGNPPPHIFADVDPKTGIP^ 
TALTVNASVSRFPPHMVPPHHTl>riTGIPH^^ 
1 5 WAECTLKESAAINQILGRRVWHAI^REEQAKYYELARKE 
PPrTDLSAPKKCRARFQU3CK3NW^ 
(+lW-2)ORF 

MPQUvlGGGGDDLGANDEUSFKDEGEQEEKSSENSSAERDLADVKSSL^ 
AAKRQDGGLFKGPPYPGYPFIMIPDLTSPYLPNGSI^PTARTYLQMW 
20 HHWPLTPUTYSNEHFTPGNPPPHLPADVDPKTGIPRPPHPPDISPY 

TALTVNASVSRFPPHMVPPHHTl>nTG!PHPAJVTFTVKQESSQSDVGSl^ 
WAECTIKESAAINQILGRRWHALSREEQAKYYEU^ 
PPITDLSAPKKCRARFGLDQQNNWCGPCRRKKftO VRSLHTR 

TAF1b 

25 (wt)ORF 

IPAFPAGTVLQPFPEAALATR\nVPAVEAPAAPRLDLEESEEFKERCrrQCAAVSWGLTDE 
Q1KAU^R6IJ<KKN^^B<GWDWW^ 
LSHSDWASEPEU^DVSCPPFl£SGAESC£DIHTRKPFW^ 
QREATT1^DU.RFVEEDHIPYINAFQHFPEQMKLYGRDRGIFGIESWPDYEDIYK^ 
30 VNIJDEMHSLT(>IWKA/rrGMGEVDF^^ 

RKVWQIMKKAFDEKKQKWEEARAKYLWKSEK^ 

DRTCFHGHSLQGVLKEKGQSLLTKNSLYWLSTQKFCRW 

(-1)ORF 

(PAFPAGWLQPFPEAALATRVTVPAVEAPAAPRLDUEESEEFKERCTQC^ 
35 QU<mimUQ< KTIU<KAGIGMCVKVSSfFFlNKQKP 
(+1)/(-2)ORF 

IPAFPAGTVLQPFPEAALATR\nVPAVEAPAAPRLDLEESEEFKERCT(XWVVSW 
QJKALNRGLKKK£K2Qr 

AC-1 

40 (wt)ORF 

MDTQKQIHKTHNSKNQFFTIFFFLS^^ 

STAVHQ 

(-DORF 

MDTQKQUHKTHNSKNQR^F FSCQ^^ 
45 (+iy(-2)ORF 

MDTQKQIHKTHNSKNQFFTIFFCRPVS 

Sec63 

(wt)ORF 

^GQCH^YDDSGhnTFYFLTSFVGUVIPATYYLWPRTONAEQ 
50 UYKVSKTOREYQEYNPYEN^LDPGAWABKKQYRLI^UCYH^ 

SFGIALPAWtVDQKNSILVU-WGUFM^ 

DATSRPTDNIIJPQURBGSINLKKNEPPLT^ 

REFRAPTLASUENCMKLSQ^VQGLQQFKSPIXQI^ 

GSFPYVTMDIKSQVU)DEDSNNITVGSLVTVLV^ 
55 KSKKKKPLKKKPTPVLU^SKC^ 

DDEAEWQELJQQSIQRKERALLETKSKITHPWSLY^ 

YTVRJ^SDSYMGLDQIKPLKLEVHEAKPVP 

(-1)9erA-Repeat 

MAGCX^YDDSGNTFFYFLTSFVGl^ 
60 LAYWSKTDREYQEYNPYEVLNLDPGATVAHKKQY^ 

SFGIALPAWVDC^SlL\01.VYGUtf^ 

DATSRPTDNIUPCHJRBGSINLKKNEPPLTC^^ 

REFRAPTLASL^CMKLi&MAVQGLGQFKSPL^^ 

GSFTYVTMDHCSQVl^DEDSNNnVGSLVTS/LN^ 
65 KSKKHA/l 

(+1)/(-2)9erA-Repeat 

MAGCK^YDDSGNTFFYFLTSFVGUVIPAT^ 
LAYKVSKTOREYQEYNPYEVL^PGATVABKKQYFUXSLKYHPD 
SFGIALPAWIVD(KNSILVU.WGU\FMVII^ 
70 DATSRPTDNIUP<XIRaGSINLKKNEPPLTC^^ 

REFRAPTT-ASUENCMKLSQMAVQGLQQFKSPL^^ 
GSFFY>m/lDIKSQ\rtJ3DEDSWIWGSL^^ 
KSKGPKKTAKSKKqQ g^ 
(-1)10erA-Repeat 
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MAGQQFQYDDSGMTFFYFLTSFVGUV1 PATYYLWPRDQNAEQ! RLKN I RKWGRCMWYRU^LLKPQPNI IPTVKKIVU^ 
LAYKVSKTD REYQEYNPYEVLN LD PGATVAEI KKQ YRLLSLKYHPD KGG D EVM FM Rf AKAYAALTD EESRKNWEEFGN PDGPQAT 
SFGtAU*AWlVDQKNSILVLlVYGLAFM\fllJ 3 VW^ 
DATSRFTDNILIPQUREIGSINLKKNEPPLTC^ 
O REFRAPTLASLENCMKLSQMAVQGLQQFKSPLLQLPHIEEDN 
GSFPYVTMDIKSQVU3DEDSNNrWGSLVT\AA^TRQ 
KSKaPK<TA)^m(KPU< XNLHLCYYHSOSNRNKSROMBSLGMKLO 
(+1)/(-2)1QerA-Repeat 

MAGQQFQYDDSGrmTYT^TSFVGLMPAr^ 
1 O LAYKVSKTDREYQEYNPYEVU^LDPGATVAHKKQYRU^U<YHPDKGGDEVM 
SFGIAI^AWIVDQKNSILWXVYGU^ 
DATSRPTDNIL!PQUREiGSlNU<KNEPPLTCPYSLM 

REFRAPTtASLENCMKl^QMAVQGLQQFKSPLLQLPHIEEDNLRRVSNHKKYKIKJI 
GSFPY\fiM!)IKSQVLDDEDSNNrrVGSLVTVLVKLTRQ 
1 5 KSKGPKKTAKSKKKKPLKKftO 7TT(^rrr\/K^ TCT<4G/<WSf?lVg 

Caspase 5 

• (wt)ORF 

MFKGILQSGLDNFVINHMLKNNVAGQTSIQTLVPN^^ 
YDAKIEDKAULVDSU^KNRVAHQMFTQTLLNM 
<£0 RLAUIChHKFDHLPARNGAHYDIVGMKRLLQGLGYTWD 

KKPDVlXYDTlFQiFNNRNCl^LKDKPKVIIVQACRGEKHGELWVRDSPASLAVlSSQ 

WRDRTRGSIFnELrrCTOKYS(XCHLMEIFRKVQKSFEVPO^KAQMPT^ 

(-1)ORF 

MFKGILC^GLDNFVINHMLKNNVAGQTSIQTLVPNTDQKSTSVKK^ 
25 (+1)/(-2)ORF 

MFKGILraGLDNFVINHMLKNNVAGOrSlQ^^ 

AIM2 

(wQOHF 

MESKYKEIUXTGLDNITDEELDRFKFFLSDERnJIA^ 
30 Q YKS VTKPKPLSQAEMSPAASAAJ RN D VAKQRAAPKVSPHVIO^EQKQMVACX^ESIREGFQKR CLPVMVLKAKKPFTFETQEGKQE 
MFT^WATCKEFFFVK\ffTmJJ<DKRPKR!niARY^ 
LFWQKVTEKKKNlLFDLSDhTTGKMEVLGVRNEDTM^ 
(-1)ORF 

MESKVT<EILiiTGLDNrroEELDRFKFFl5DEFNIATGKLK^ 
OO QYKSVTKPKPl^QAEMSPAASAAlRNDVAKQRAAPKVSPHVKPEQKQMVAQQESI^ 
MFHAWATEKEFFFVKVFTnilJ<DKRPKRHIIARYYHHSGFLEVNSASR^^ 
U = WQKVTEKKKNJLFDL£DhrTGKMEVL^ 

Arx SW-2)ORF 

40 MESKYKElUXTGlX>NrrDEHJDRFKFFl^DEFNlATGKLKTANR!QVAT^ 
QYKSVTKPKPLS<^EMSPAASAAlRNDVAKQRAAPKVSPHV^ 
MFHATVATEKEFFFVK\n=hrrUJ<DKRPKR1ilIARYYRHSGFLEV 
U = WQKVTEKKKNIU r DLSDhnXaKMEVLGVRN^ 

SLC23A1 

45 (vvt)ORF 

MMGIGKNTTBKSMEAGSSTEGKYEDEAKHPAITT^^ 

DMJYTIEDVPPWYLCIFLGUSHYLTCFSGTIAVPFL^^ 

AILSU5KWKCtnTT>VSVANGTAEUJHTEHIV\ryPRlRBQG^ 

WG/AML7TFLVLLFSQYARNVKFPLF(YKSKKGWTAYKLQLFKM 
50 PWFKVPYPTOWGLPTVSAAGVIGMl^WASIiESIGDYYACARLSCAPPPPlH^ 

GITKVGSRRVlCKXttALMLALGMlGKFS^ 

PLNTTGITGlDQVUviVULTTAMFVGGCVAFU^ 

GYTWKGLRKSDNSRSSDEDSQATG 

M)ORF 

55 MMGlGKhTTTSKSMEAGSSTEGKYEDEAKHPAFFTU^^ 

DMJYTtED VPPWYLCI FLG LQHYLTCFBGTIAVPFIU^DAMCVGYDQWATSCXIGTI FTCVGrnTJjQTTFGCRU^LFQTSAFAFLAPAR 

AILSUJKVWOsnTDVSVANGT^^ 

WGIAI^TlR-VLJLJ^QYARNVKFPL^ 
„ FWWPYPFQWGUnVSAAGV1GML^WASllESlGDYYACARLSCAPPPPS7p 
60 (+1)/(-2)ORF 

MMG^GK^^^TSKSMEAGSSTEGKYEDEAKHPAFF7^J J W 

DMIYTlEDVPPVm.CIFLGLQHYLTC^S^^ 

A!LSU3KWKChTTTDVSVANGTAELLHTEHIV^ 

WGIA^71R-\aiJFSQYARIWKFPLPIYKSKKGOTAYKL 
65 PWFKVPYPFQWGLFTVSAAGVIGMLSAVVASIIESIGDYYACARLSCAPPP 

(ftHPRNKQGNFRGRPLLCS 

ABCF1 

(wt)ORF 

MPKAPKCX5PPEPEWIGDGESTSPSDKWKKGKKDKKIKKTTTC 
70 KKDVDDDGEEKEUAERU<KLS\a a TSDEEDEVPAPKPR 

QPALKGKKGKEEKSKGKAKPQN0<FAALDNEEEDKEEE1IKEKEPPK^ 

SRQAMLENASDIKLEKFSISAHGKEliVNADLYlVAGRRYGLVGPNGKG 

RADTKRLKLLEEEf^f^QGQLEQGDEn"AAERL£KVYEELRATGAA 

FMEPTUJUU>EPTNHU3l^^ 
75 KQEKKU<EU<AGGKSTKQAEKCrrKEALTT^ 
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KPU=KNLDFGlDMDSRICIVGPNGVGKSTUJJJjra 

CLGRFGlJESHAHTlQiCKLSGGQKARWFAELACREPDVULDEPTN^ 

EQSVSQIDGDFEDYKREVLEALGEVMVSRPRE 

(-1)ORF 

5 MPKAPKQQPPEPEWIGDGESTSPSDKVVKKGKKDKKIKKTFFEELAVEDKQAGE^ 
RtfMWMMMEKRKSSWSVURSSQCQPVMftRMKYPPQNPAEGRKPRVVtyFLQf 3 
(+1V(-2)ORF 

MPKAFKQQPPEPEWlGDGESTSPSDKWCKQKro 
AEBGCG 

10 HSPC259 

(wt)ORF 

SPDYFPQiSSQFGWEK 111- 
MB<inSSSTKAEGKG!SPF^APimX^PEKGKEAWQEPER 
TAEERSQFEIUCAQMFAERLAKRNRRAKRARAMPEEEPWGPAW^ 
1 5 QRRGGNFKSNPDTRGGSSCRGLKKFMGAAU^U^CGKSSWL^^ 
MTILNGSIFGKRE 
(-1)ORF 

MEKIRSSSTKAEGKGISPFEAPINTGAPPEKGKEAWQEPERSWFQTKEERK^ 
TAEERSQFEILKAQMFAERLAKRNRRAKRARAMPEEEPVRGPAKKQKQGKKSVFDEELTNTBK^ 
20 QRRGKaNFKSNPPTRGGSSCRGLKKFMGAALKSLPCGKSSWLV^ 
(+1)/(-2)ORF 

MEKIFlSSSTTKAEGKGISPFEAPir^QAPPEKGKEAWQEPERSWFQTKEERKKEKlAKA^ 

TAEERSCFEILKACWFAERUKRNRRAKRARAMPEEEPVRG 

QRRGGNFKS^DTRGGSSCRGLKKFMGAALXSLHXSKSSWLVCt^ 

25 Bax 

(wt)ORF 

MDGSGEQPRGGGPTSSEQIMKTGALLLCK^QDRAGRMGGEAPEL^^ 
DSPREVFFRVAADMFSDGNFNWGRWALFYFASKLVU<ALCTK\^ 
QTVTIFVAGVLTASLTTWKKMG 
30 (-1)ORF 

MPQSGEQPRGGGPTSSEQlMKTGAllI.QQRQDRAGRMGK 3HHPSt//PVV7HCLffM 
(+iy(-2)ORF 

MPGSGEQPRGGGPTSSEQIMKTGALLLCX3nQDRAGRM^ ^ 

_ TCF6L1 

35. <wt)ORF 

MAFUiSMWGNfl^ALGRSGABXTGCGSRmSP 
RV\mELPDSKKKIYQDAYRAEWQVYKEEISRFKE(X^^ 
AKGDSTOEKUCIVKENWKNLSDSEKELYlQHAKro 
<-1)ORF 

40 MAFLRSMWGVLSALGRSGAELCTCCGSR^ 

RWREIJ^DSKKKIYQDAYRAEWQVYKEBSRFKECHJ^^ 
<+1)/(-2)ORF 

MAFmS^GVl^ALGRSGAELCTXSKX^RUiSPF^^^ 

RWRELPDSKKMYQDAYRAEWQVYKEHSRFKEQLTPSQIMSLEKHM DKHLKRKAMTKKfl QflVAfTA WKTKKTSFSL 

45 FTL3L 

(wt)ORF 

MTVLAPAVrePTTYUJXLlJ_SSGL^ 

WAGSKMCXaU-ERVTfTHHFVTKCAFQPPPSCiB^ 

EATAPTAPQPPUXLUUPVGLUXAMWOJW 
50 (-1)ORF 

MTVUVPAWSPTTmJJili^SGLSGTQ^ 

TVAGSKMQGLLERVrsrTEiHFVTKCAFQ 

PP PAVFASSRPTSPASCRRPPSSWWR 
cc (+iy(-2)ORF 
55 MTVUU^AWSPTTYUJJJJJJSSG 

TVAGSKM QGLLERVNTEIHFVTKCAFQ 

PP(P)OLSSLRPDOHLPPPAGDLRAA GGAEALDHSPELLP VPGAA VSAR 

OGT 

(wt)ORF 

60 MLCK3HFWL\raEGIMISPSSPPPPNU¥7^QIFPFPFTSFPSH^ 

KA\mi)PNFU>AYINLGN\aKEARIFDRAVAAYlJWJSU 

EKGSVAEAEDCYNTALRLCPT>UDSLf^flJVNfKREQGN!EEA 

PTFADAYSNMGNmj<EMQDVQGAUXrmUIQ^AFAD/^ 

WTDYDERMKKLVSIVADQI£KNRU > SVHPHHSMLYP15HGFRK^ 
65 FGNHPTSHL^QSIPGMHNPDKFEVFCYALSPDDGTNFRV 

ALRPAPlQAMWLGYPGTSGAU^DYiriTOETSPAEVAEQ 

DLKAFLDSLPDVKA/KMKCPDGGDNADSS^ 

TRSQYGLPEDAIWCNFNQLYKlDPSTljQMWANll^^ 
„ ADVCLDTF'LCNGKTTGMDVLWAGTPMVTMPGET^ 
70 SPLFNTKQYTMEU^LYlJQMWEHYAAGNl^ 

(-1)ORF 

MLQGHFWLVREGIMlSPSSPPPPtsn FT <?/ YKFSPFPLPPFPPIFFH 
(♦1)/(-2)ORF 

h^QGHFWLVF&G)M$PSSPPPPNLFf^PFTNFPLSL YLLSLPSSFJNPS 
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ELAVL3 

(wt)ORF 

MESQVGGGPAGRPAQRPLLGTNGATDDSKTNUVNYU^N 
AtNTlJNlGLKLQTKnKVSYARPSSAS™ 
t> UslGQKPLGAREPITVKFANNPSQKTGCMLLTHL 

MGGWClFVYNl^PEPDQSVLWQl^GPFGA\mi\^IRDFTW^ 

HKA 

(-1)ORF 

MESQVG QARPA GLPNGHSLVQMEPL TTARPTSSSTTCPRT 

10 (+ik(-2)orf : 

mbbqvgqig )pgrpacpta tpwykwsh 

MAC30X 

(wt)ORF 

LPSHQRVQAQPTDYGGSF7TlRCVB/VU.GLYFl5HIPrTlJ^DLQA\A/P 
1 5 VFQLPFFPiATYAFLKGSCKWIRTPAlIYSVHTMTTULiLSTF^ 
KYEEKRKKK 
(-1)ORF 

LFSHQRVQAQPTDYGGSFTRRCVEWLLGLYFLSHlPrTU^DLQAWPRELYPVEFRN 
VFQLPFFPIATYAFLKGSCKWIRTPAIIYSVHTM^ 

(+1V(-2)ORF 

U^SHQRVQAQPTDYGGSFTRRCVEV^GLYF^^^ 
\TOU>H^IATYAFU<GSCKWiRTPA)tYSVHTMT^ 
KYEEKRKKOQMKETTTGPG 

25 SLC4A3 

(wQORF 

nMNGVIPPPGGASPLPQVRVPLEEPPLSPDVEEEDDDLGKTLAVSRFGDLISKPPAWDPE^ 
ARU^PPHKUHRLPPTSARHTRRKRKKEKTSAPPSEGTPPIQEE^ 
DDSPGLPGRAAVTKPLPSVGPHTDKSPQHSSSSPSPRARASR^ 
OU EAQMLGSACHi5DMKSHRLEDNPGVRRHLVKKPSRTCKaGRGSPSGLAPILRRKKK^^ 
TARWIKreEDVEEETERWGKPHVASLSFRSLLELFiRTIAH 

DDKDSGFFPRNPSSSSMNSVLGNHHPTPSHGPDGAVPTMADDLGEPAPLWPHDP^ 
EATVVLVGCVPFLEQPAAAFVRLNEAVUJ=SVUi-V 

SEFU^SMPPSEVEGRDUJRSVAAFQRELLRKRREREQTKVEMTTRGGY^ 

OVRRRYPHYPSDUTOALHSQCVAAWPIYFAALBPAT^ 

EAFFKFCRAQDLEYLTGRVWVGLWLVVFVLALVAAEGSFLVR^ 

LAAGLEPNGSALPPTEGPPSPRNQPNTALLS^^ 

PTGI^VTSPDKRSWRPPLGSARPFPPWMKWAAAVPALLVUUF^ 

LTAATVRSVTHVNALTNMRTAI^ 

MPAKHHPEQPYVTKVKTWRMHLFTCIQLGCIALL^ 

DEYNELHMPV 

(-1)ORF 

MANGVIPPPGGASPIPQVRVPLEEPPLSPDVEEEDDDLGKTIAVSRFGDUSKPPAWDPEKPSRSYSERD 
ARLPPPHKLRRLPPTSARHTRRKRKKBOSAPPS^^ 

RflftPffCIWLOTWTT 
(+1K(-2)0RF 

MANG\flPPPGGASPLPQVRVPL£EPPLSPDVEEEDDDLGKTlAVSRFGDUSK^ 
ARU^PPHKLRRLPPTSARHTRRKRKKEKTSAPPSEGTPPiQEEGGAGVDEEEEEEEEEEGE 

50 PRKDC 

(wQORF 

MAGSGAGVRCSUJ^QETLSAADRCGAALAGHQURGL^ 
R.QFIJEKMGQKIAPYSVQKNTCTSVVTKDRAAKCKIPAU) 
GU-GEVHPSEMINNAENLFFtAFLGEUCTQMTSA^^ 
OO VPSAGUttJ=ALHASQFST(XU3NWSLFE\^^ 

SNNKEl^lAIRGYGI^AGPCKVINAKDVDFMYVEUQRCKQMFLTO 

MQIDSFPQYSPKITOLVCCRAIVKVFLALAAKGP 

VDLFFlHlXSSEX^MDSlLADEAFFSVNSSSESUvIH^ 

KPKDFSAR^VEFCREILPEKQAEFFEPVm'SFSYEULQSTRLmSG^^ 
OU (-1)ORF 

l\^GSGAGVRC£LUUX2ETLSAADRC^^ 

R.QRJEKMGQKlAPYSVHKhrrCrrS\ATKDRAAKGKIP^ 

(+1)/(-2)0RF 

^GSGAGVRCSUJ^LQETLSAADRCXaAALAGHCUJRGLGQECVLSSSPAVU^ 
b5 .F^CIFl£KMGQKIAPYSVBKNTCnrSVYTKDRAAKCKIPALX) 

UVRAG 

(wQORF 

N^SASVGGPVPCPPPGPAAALPPGSAARAl>IVELPSQQRRLRHmNIAAR 

NSLKPTWRSU)FG!MPDRlJ3TSVSCF\A^KIWGGKENIYQLUEW 
/U QlCnUXlVDQNCVRNSYDVFSIJJU^RAQCAJKQTQV^ 

UJHKCK2IALQDKGSAFSAEHUaa.QKESU*4ELKKECT 

QAKDDGSIAVALGYTAHLVSMIS^ 

LGTPDUTCrnJ ^KNF MEHGUmC^ 

AQPVTTVPSMGETERKTreiSSSLDTSLDFSKENKKK 
/O LPGEFHPVSEAELCC7VEQAEEIIGLEAQVSPQVIS 
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(-1)ORF 

msasasvggpvpqpppgpaaalppgsaaralhvelpsqqrrijwijwia^^ 
nslnptwrsldfgimpdrmtsvscfvwiwggkeniyqlxlewkv^ 
qktillqvdqncwnsydvfsuj^lhfiaqcaikqtqvtv^ 
5 (+iko*)orf 

msasasvggpvpqpppgpaaaippgsaaralhvelpsqqrruwlrniaarnw^ 

nslnptwrsldfgimpdrldtsvscfwkiwggkeniyqlliewkvcldgu^ 

qkt1llqvdqncvrnsyd\^llrlhraqcaikqtqvwqki(^^ 

MSH3 

10 <wt)ORF 

MSRRKPASGGU\ASSSAPARC^Vl^RFTOSTGSU<STSSSTGAADQV^ 
RKKRPLENDGPVKKKVKKVQQKEGGSDLGMSGNSEPKKCLRTRW 
btSLLHAKNAVSSEDSKRQINQKDTTLFDl^QFGSSNTSHENLQKTASKSANKRSKSJY^ 
FFGEDAEIAARELNIYCHLDHNFNffi"ASlPTHRLFVHVRRL^ 
1 5 UKLDDAVNVDEIMnTOTSTSYLLCISENKENVRDKKKC^ 

TEAUHRATSVSVQDDRIRVERMDNIYFEYSHAFQAVTEFYAKD^ 

CH^KMEFMTINGTTLRNI^ILQNCTOMKTKGSLLV^ 

HLRKLPDIGRGLC^IYHKKCSTQEFFUVKTLYHLKSEFC^IIPAVN^ 

LSDFPUKKRKDEIQGVIDBRMHLQEIRKIU<NPSAQYVWSGQEFM1EIKNSAVSCIPTDW\^ 
20 REQLVUX^EWLDFl£KFSEHYHSLCKAVHHUVTVDCireUW 

DLSEDSERVMIITGPNMGGKSSYlKQVALTnMAQIGSW 

DELGRGTSTHDGlAlAYATlHYnRDVKSLTUVTHYPPVCELEK^ 

IAARSYGUWAKLADWGE1U<KAAHKSKEL£GUNTKRKRLKYFAKLW™ 
oc M)ORF 

25 msrrkpasgguvasssaparcwvl^rf^qstgslkstssstgaadqvdpga 

rkkrpijendgpvkkkvkkvqqkeggsdlgmsgnsepkkcuttrnv 

djslu4ak^vssedskrqinqkdttlpdlsqfgsshn"shenlqktask 

ffgedaeiaareusnychu)hnfwn"asipthru : vhwrlvak^ 

ukli3davnvdei mtdtstsylljcisenkenvrdkkra tfha l wecslpqarlcuvsrtujl vos 
30 <+iv(-2)orf 

msrrkpasggu^ssaparqaw.srffqstgslkstssstgaadq\^^ 

rkkrplendgpvkkkvkkvqgkeggsdlgmsgns^ 

disllhaknavssedskrqinqkdttlfdlsqfgssntshenl^^ 
_ ffgedaeiaareu>iiychu3hnfmtasifthrlfvhvrrlvakgykvgvv^ 
35 uklddavn vp el mtdtstsyllcis enkenvrd kkflo gohfywhcgsaachrrgcv 



ACVR2, 

(wt) ORF 

MGAAAKLAFA VFUSCSSGA ILGRSETQEC LFFNANWEKD RTNQTGVEPC YGDKDKRRHC FATWKNISGS IEIVKQGCWL 
40 DDINCYDRTD CVEKKDSPEV YFCCCEGNMC NEKFSYFPEM EVTQPTSNPV TPKPPYYNIL LYSLVPLMU AGIVICAFWV 
YRHHKMAYPP VLVPTQDPGP PPPSPLLGLK PLQULEVKAR GRFGCVWKAQ LLNEYVAVKJ FPIQDKQSWQ NEYEVYSLPG 
MKHENILQFI GAEKRGTSVD VDLWUTAFH EKGSLSDFLK ANWSWNELC HIAETMARGL AYLHEDIPGL KDGHKPAISH 
RDIKSKNVLL KNNLTACIAD FGLALKFEAG KSAGDTHGQV GTRRYMAPEV LEGAINFQRD AFLRIDMYAM GLVLWELASR 
CTAADGPVDE YMLPFEEEIG QHPSLEDMQE WVHKKKRPV LRDYWQKHAG MAMLCETIEE CWDHDAEARL SAGCVGERIT 
45 QMQRLTNirr TED/VTWTM VTNVDFPPKE SSL* 

A8, Pos. 451: -1 ORF (Mutrate 16.3%) 

MGAAAKLAFA VFUSCSSGA ILGRSETQEC LFFNANWEKD RTNQTGVEPC YGDKDKRRHC FATWKNISGS IEIVKQGCWL 
DDINCYDRTD CVE KKTALKY IFVAVRAICV MKSFLIFRRW KSHSPLOIOL HLSHPITTSC SIPWCHLC 

A8 Pos. 1476: -1 (Mutrate 81 .6%) 

50 MGAAAKLAFA VFUSCSSGA ILGRSETQEC LFFNANWEKD RTNQTGVEPC YGDKDKRRHC FATWKNISGS IEIVKQGCWL 
DDINCYDRTD CVEKKDSPEV YFCCCEGNMC NEKFSYFPEM EVTQPTSNPV TPKPPYYNIL LYSLVPLMU AGIVICAFWV 
YRHHKMAYPP VLVPTQDPGP PPPSPLLGLK PLQLLEVKAR GRFGCVWKAQ LLNEYVAVW FPIQDKQSWQ NEYEVYSLPG 
MKHENILQFI GAEKRGTSVD VDLWUTAFH EKGSLSDFLK ANWSWNELC HIAETMARGL AYLHEDIPGL KDGHKPAISH 
RDIKSKNVLL KNNLTACIAD FGLALKFEAG KSAGDTHGQV GTRRYMAPEV LEGAINFQRD AFLRIDMYAM GLVLWELASR 

55 CTAADGPVDE YMLPFEEEIG QHPSLEDMQE VWHKKfiGLF* 

FLJ1 1 053, A11 Pos. 1695. Mutrate 52J2% 
wtORF 

MVLRKLSKKD VTTKLKAMQE FGTMCTERDT ETVKGVLPYW PRIFCKISLD HDRRVREATQ QAFEKLTLKV KKQLAPYLKS 
LMGYWLMAQC DTYTPAAFAA KDAFEAAFPP SKQPEAIAFC KDETTSVLQD HUKETPDTL SDPQTVPEEE REAKFYRWT 

60 CSLLALKRLL CLLPDNELDS LEEKFKSLLS QNKFWKYGKH SVPQIRSAYF ELVSALCQRI PQLMKEEASK. VSPSVLLSID 
DSDPIVCPAL WEAVLYTLTT IEDCWLHVNA KKSVFPKLST VIREGGRGLA TVIYPYLLPF ISKLPHSITN " PKLDFFKNFL 
TSLVAGLSTE RTKTSSSESS AVISAFYECL RFIMQQNLGE EBEQMLVND QUPRDAVL KDPGLQHGQL FNHLAETLSS 
WEAKADTEKD EKTAHNLENV UHFWERLSE ICVAKISEPE ADVESVLGVS NLLQVLQKPK SSLKSSKkKN GKVRFADEO. 
ESNKENEKCV SSEGEKIEGW ELTTEPSLTH NSSGLLSPLR KKPLEDLVCK LADISINYVN ERKSEQHLRF LSTLLDSFSS 

65 SRVFKMLLGD EKQSIVQAKP LEIAKLVQKN PAVQFLYQKL IGWLNEDQRK DFGFLVDILY SALRCCDNDM 

-1 ORF 

MVURKLSKKD VTTKLKAMQE FGTMCTERDT ETVKGVLPYW PRIFCKISLD HDRRVREATQ QAFEKLTLKV KKQLAPYLKS 
LMGYWLMAQC DTYTPAAFAA KDAFEAAFPP SKQPEAIAFC KDETTSVLQD HUKETPDTL SDPQTVPEEE REAKFYRWT 
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CSLLALKRLL CLLPDNELDS LEEKFKSLLS QNKFWKYGKH SVPQIRSAYF ELVSALCQRI PQLMKEEASK VSPSVLLSID 
DSDPIVCPAL WEAVLYTLTT IEDCWLHVNA KKSVFPKLST VIREGGRGLA TVIYPYLLPF ISKLPHSUN PKLDFFKNFL 
TSLVAGLSTE RTKTSSSESS AVISAFYECL RFIMQQNLGE EBEQMLVND QUPF1DAVL KDPGLQHGQL FNHLAETLSS 
WEAKADTEKD EKTAHNLENV UHFWERLSE ICVAWSEPE ADVESVLGVS NLLQVLQKPK SSLKSSKKKM VRLDLLMRYL 
5 KAIKRMKNVY LQKERRLKAG N* 

-2 0RF 

MVLRKLSKKD VTTKLKAMQE FGTMCTERDT ETVKGVLPYW PRIFCKISLD HDRRVREATQ QAFEKLTLKV KKQLAPYLKS 
LMGYWLMAQC DTYTPAAFAA KDAFEAAFPP SKQPEAIAFC KDEITSVLQD HUKETPDTL SDPQTVPEEE REAKFYRWT 
CSLLALKRLL CLLPDNELDS LEEKFKSLLS QNKFWKYGKH SVPQIRSAYF ELVSALCQRI PQLMKEEASK VSPSVLLSID 
0 DSDPIVCPAL WEAVLYTLTT IEDCWLHVNA KKSVFPKLST VIREGGRGLA TVIYPYLLPF ISKLPHSITN PKLDFFKNFL 
TSLVAGLSTE RTKTSSSESS AVISAFYECL RFIMQQNLGE EBEQMLVND QUPFIDAVL KDPGLQHGQL FNHLAETLSS 
WEAKADTEKD EKTAHNLENV LIHFWERLSE ICVAWSEPE ADVESVLGVS NLLQVLQKPK SSLKSSKKKW* 

+ 10RF 

MVLRKLSKKD VTTKLKAMQE FGTMCTERDT ETVKGVLPYW PRIFCKISLD HDRRVREATQ QAFEKLTLKV KKQLAPYLKS 
5 LMGYWLMAQC DTYTPAAFAA KDAFEAAFPP SKQPEAIAFC KDEITSVLQD HUKETPDTL SDPQTVPEEE REAKFYRWT 
CSLLALKRLL CLLPDNELDS LEEKFKSLLS QNKFWKYGKH SVPQIRSAYF ELVSALCQRI PQLMKEEASK VSPSVLLSID 
DSDPIVCPAL WEAVLYTLTT IEDCWLHVNA KKSVFPKLST VIREGGRGLA TVIYPYLLPF ISKLPHSITN PKLDFFKNFL 
TSLVAGLSTE RTKTSSSESS AVISAFYECL RFIMQQNLGE EBEQMLVND QLIPFIDAVL KDPGLQHGQL FNHLAETLSS 
WEAKADTEKD EKTAHNLENV UHFWERLSE ICVAKISEPE ADVESVLGVS NLLQVLQKPK SSLKSSKKKK Mr 

JO Kl AA1 052, A1 1 Pos. 689, Mulrate 42.2% 
WIORF 

MAGRPLR1GD QLVLEEDYDE TYIPSEQEIL EFAREIGIDP IKEPELMWLA REGIVAPLPG EWKPCQDITG DIYYFNFANG 
QSMWDHPCDE HYRSLVIQER AKLSTSGAIK KKKKKKEKKD KKDRDPPKSS LALGSSLAPV HWLGGLAPL RGLVDTPPSA 
LRGSQSVSLG SSVESGRQLG ELMLPSQGLK TSAYTKGLLG SIYEDKTALS LLGLGEETNE EDEEESDNQS VHSSSEPLRN 

>5 LHLDIGALGG DFEYEESLRT SQPEEKKDVS LDSDAAGPPT PCKPSSPGAD SSLSSAVGKG RQGSGARPGL PEKEENEKSE 
PKICRNLVTP KADPTGSEPA KASEKEAPED TVDAGEEGSR REEAAKEPKK KASALEEGSS DASQELBSE HMKEPQLSDS 
IASDPKSFHG LDFGFRSRIS EHLLDVDVLS PVLG6ACRQA QQPLG1EDKD DSQSSQDELQ SKQSKGLEER YHRLSPPLPH 
EERAQSPPRS LATEEEPPQG PEGQPEWKEA EELGEDSAAS LSLQLSLQRE QAPSPPAACE KGKEQHSQAE ELGPGQEEAE 
DPEEKVAVSP TPPVSPEVRS TEPVAPPEQL SEAALKAMEE AVAQVLEQDQ RHLLESKQEK MQQLREKLCQ EEEEEILRLH 

JO QQKEQSLSSL RERLQKAIEE EEARMREEES QRLSWLRAQV QSSTQADEDQ IRAEQEASLQ KLREELESQQ K^BFIASLEQK 
NRQMLEQLKE BEASEKSEQ AALNAAKEKA LQQLREQLEG ERKEAVATLE KEHSAELERL <^BW«RE WSSLO^Q 
EAQQKEEAQL QKCLGQVEHR VHQKSYHVAG YEHELSSLLR EKRQEVEGEH ERRLDKMKEE HQQVMAKARE QYEAEERKQR 
AELLGHLTGE LERLQRAHER ELETVRQEQH KRLEDLRRRH REQERKLQDL ELDLETRAKD V^UUJLEV ffiFTARREKQ 
QLLDVQRQVA LKSEEATATH QQLEEAQKEH THLLQSNQQL RBLDELQAR KLKLESQVDL LQAQSQQLQK HFSSLEAEAQ 

35 KKQHLLREVT VEENNASPHF EPDLHIEDLR KSLGTNQTKE VSSSLSQSKE DLYLDSLSSH NVWHLLSAEG VALRSAKEFL 
VQQTRSMRRR QTALKAAQQH WRHELASAQE VAKDPPGIKA LEDMRKNLEK ETRHLDEMKS AMRKGHNLLK KKEEKLNQLE 
SSLWEEASDE GTLGGSPTKK AVTFDLSDMD SLSSESSESF SPPHLDSTPS LTSRWHGLS HSLRQISSQL SSVl^LDSL 
NPQSPPPLLA SMPAQLPPRD PKSTPTPTYY GSLARFSALS SATPTSTQWA WDSGQGPRLP SSVAQTVDDF LLEKWRKYFP 
SGIPLLSNSP TPLESRLGYM SASEQLRLLQ HSHSQVPEAG STTFQGIIEA NRRWLERVKN DPRLPLFSST PKPKATLSLL 

iO QLGLDEHNRV KVYRP 

-10RF 

MAGRPLRIGD QLVLEEDYDE TYIPSEQEIL EFARBGIDP IKEPELMWLA REGIVAPLPG EWKPCQDFTG DIYYFNFANG 
QSMWDHPCDE HYRSLVIQER AKLSTSGAIK KKKKKRKRKT RRTETPPKVR WPWVPhT 

-20RF 

45 MAGRPLRIGD QLVLEEDYDE TYIPSEQEIL EFARBGIDP IKEPELMWLA REGIVAPLPG EWKPCQDITG DIYYFNFANG 
QSMWDHPCDE HYRSLVIQER AKLSTSGAIK KKKKK GKERO EGORPPOKFA GLGFUSPSS CSSWGPGSFT RSCGYPTLCS 
SWISKREPGE LSGVWTSAWR THAAFTGSOD LCL YKGSLGLHF 

+ 10RF 

MAGRPLRIGD QLVLEEDYDE TYIPSEQEIL EFARBGIDP IKEPELMWLA REGIVAPLPG EWKPCQDfTG DIYYFNFANG 
50 QSMWDHPCDE HYRSLVIQER AKLSTSGAIK KKKKKKGKER OEGORPPQKF AGLGFUSPS SCSSWGPGSF TRSCGYPTLC 
SSWISKREPG BLSGVW TSAW RTHAAFTGSQ DLCLYKGSLG LHP 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been established In respect of certain claims under Article 17(2)(a) for the following reasons: 



Although claims 5-10, 18-29 are directed to a method of treatment of the human 
body, the search has been carried out and based on the alleged effects of the 
compound/compos i t i on . 



because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out specifically: 



because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of Hem 2 of first sheet) 



This International Searching Authority found multiple inventions in this International application, as follows: 

see additional sheet 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
1 — 1 searchable claims. 
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of any additional fee. 



3. I I As only some of the required adcStionaJ search fees were timely paid by the applicant, this International Search Report 
1 — ' covers only those claims for which fees were paid, specifically claims Nos.: 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-19, 22-36, 39-42 partially 

a polynucleotide with the insertion or deletion of one or 
two A in the All repeat of the gene TAF1B, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them 



2. Claims: 1-19, 22-36, 39-42 partially 

a polynucleotide with the insertion or deletion of one or 
two A in the All repeat of the gene MACS, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them 



3. Claims: 1-17 partially 

a polynucleotide with the insertion or deletion of one or 
two A in the A10 repeat of the gene UVRAG, a polypeptide 
encoded. by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them. 



4. Claims: 1-17 partially 

a polynucleotide with the insertion or deletion of one or 
two G in the G9 repeat of the gene ELAVL3, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them. 



5. Claims: 1-17 partially 

a polynucleotide with the insertion or deletion of one or 
two A in the A10 repeat of the gene TCF6L1, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them. 



6. Claims: 1-19, 22, 25-36, 39-42 partially 

a polynucleotide with the insertion or deletion of one or 
two A in the A10 repeat of the gene ABCF1, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them. 



# • 



Internationa! Application No. PCT/EP 03 M083 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 


7. 


Claims: 1-19, 22, 24-36, 39-42 partially 






a polynucleotide with the insertion or deletion of one or 
two A in the A10 repeat of the gene AIM2, a polypeptide 
encoaea ay saia poiynucieotiae, si mexnou ot treatment, or 
detection involving them and a pharmaceutical composition 
a diagnostic kit comprising them. 


or 


8. 


Claims: 1-17 partially 






a polynucleotide with the insertion or deletion of one or 
two A in the A10 repeat of the gene CHD2, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition 
a diagnostic kit comprising them. 


or 


9. 


Claims: 1-17 partially 






a polynucleotide with the insertion or deletion of one or 
two A in the All repeat of the gene FLJ11053, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them. 


10 


. Claims: 1-17 partially 






a polynucleotide with the insertion or deletion of one or 
two A in the All repeat of the gene KIAA1052, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition or 
a diagnostic kit comprising them. 
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. Claims: 1-17 partially 






a polynucleotide with the insertion or deletion of one or 
two A in the A8 repeat of the gene ACVR2, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition 
a diagnostic kit comprising them. 


or 


12 


. Claims: 1-19, 23-31 partially 






a polynucleotide with the insertion or deletion of one or 
two A in the All repeat of the gene HT001, a polypeptide 
encoded by said polynucleotide, a method of treatment or 
detection involving them and a pharmaceutical composition 
a diagnostic kit comprising them. 


or 
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13. Claims: 3-19, 22-36, 39-42 partially 

a frameshift polypeptide U79260, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



14. Claims: 3-19, 22, 23, 25-36, 39-42 partially 

a frameshift polypeptide PTHL3, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



15. Claims: 3-19, 23-36, 40-42 partially and 20, 37 completely 

a frameshift polypeptide TGFbRII, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



16. Claims: 3-19, 22, 23, 25-36, 39-42 partially 

a frameshift polypeptide TCF4, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



17. Claims: 3-19, 22-36, 39-42 partially 

a frameshift polypeptide AC1, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



18. Claims: 3-19, 22, 23, 25-36, 39-42 partially 

a frameshift polypeptide Sec63, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



19. Claims: 3-19, 22-36, 39-42 partially 

a frameshift polypeptide CASP5, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising 1t. 



20. Claims: 3-17 partially 

a frameshift polypeptide USLC23A1, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 
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21. Claims: 3-17 partially 

a frameshift polypeptide HSPC259, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising 1t. 



22. Claims: 3-19, 25-36, 40-42 partially and 21, 38 completely 

a frameshift polypeptide BAX, a method of treatment or 
detection involving 1t and a pharmaceutical composition or a 
diagnostic kit comprising it. 



23. Claims: 3-17 partially 

a frameshift polypeptide FTL3L, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



24. Claims: 3-19, 24-31 partially 

a frameshift polypeptide OGT, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



25. Claims: 3-17 partially 

a frameshift polypeptide MAC30X, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



26. Claims: 3-17 partially 

a frameshift polypeptide SLC4A3, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 



27. Claims: 3-17 partially 

a frameshift polypeptide PRKDC, a method of treatment or 
detection involving 1t and a pharmaceutical composition or a 
diagnostic kit comprising it. 



28. Claims: 3-19, 24-31 partially 

a frameshift polypeptide MSH3, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
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diagnostic kit comprising it. 



29. Claims: 18, 19, 22-36, 39-42 partially 

a frameshift polypeptide IGFIIR, a method of treatment or 
detection involving it and a pharmaceutical composition or a 
diagnostic kit comprising it. 
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